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PROJECT SUMMARY 
NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) 
 
Director (PI):  Brent H. Shanks, Iowa State University 
Lead Institution:  Iowa State University 
Core Partner Institutions:  University of California – Irvine, University of New Mexico (MSI), University 
of Virginia, University of Wisconsin – Madison, W. M. Rice University, Penn State University 
Collaborating Institutions:  Salk Institute for Biological Studies, University of Michigan 
Foreign Partner Institutions:  Abo Akademi University, Finland; Eindhoven University of Technology, 
The Netherlands; Fritz Haber Institute of the Max Planck Society, Germany; Technical University of 
Denmark, Denmark 
Intellectual Merit 
The NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) is developing 
technology and the academic and industrial partnership needed to transition from the current petroleum-
based chemical industry to a renewable carbon-based industry.  The commodity chemical industry that is 
the focus of the center is critically important to many aspects of society.  Yet the current industry, which 
produces greater than 300 billion lbs/year of product in the U.S., is intrinsically unsustainable due to the 
non-renewable nature of its feedstock.  CBiRC provides a novel environment for the research, training 
and education of a new cadre of engineers and scientists that, in turn, are generating a new paradigm for 
optimizing the transition to a biorenewable chemical industry. The unique focus of CBiRC is exploiting 
the integration of biocatalytic and chemical catalytic technologies to efficiently produce biorenewable 
chemicals.  CBiRC is developing a new paradigm for producing biorenewable platform chemicals based 
upon the combinatorial metabolic processes of the polyketide/fatty acid biosynthetic pathway.  Key 
biocatalysts from this pathway are being incorporated into microbial host systems to produce a range of 
polyketide/fatty acid-based platform chemicals.  These platform chemicals are then converted to final 
chemical products using chemical catalysts specifically designed for their selective conversion.  By 
integrating biocatalysis and chemical catalysis, CBiRC is creating a consolidated technological framework 
that can be used to produce a broad array of biorenewable chemicals such as α-olefins, diacids and diols.  
CBiRC brings together biocatalyst and chemical catalyst researchers with extensive experience in 
converting biobased feedstocks and connects them with the industrial/ innovation partners from the 
petrochemical, agricultural processing, chemical catalysis, biocatalysis, process licensor, and industrial 
chemical utilization commercial sectors for successful technology translation. 
Broader Impact 
Creating a sustainable chemical industry is a vital societal goal.  CBiRC provides a novel 
multidisciplinary environment for the research, training and education of a new cadre of engineers and 
scientists needed to advance biorenewable chemical technology.  The expertise demands of the center 
necessitate a distributed model that also allows CBiRC to reach a geographically and culturally diverse 
student and faculty population.  The importance of biorenewables resonates with students of all ages, 
thereby creating a vibrant pool of students for the Center.  The excitement of the emerging biorenewables 
industry is being shared with pre-college students and teachers through programs developed at ISU and 
the partner institutions.  Pre-college course content is being developed jointly between the teachers and 
CBiRC. Undergraduate students are engaged by CBiRC through domestic and international research 
experiences.  These opportunities in biorenewables are establishing a diverse base of undergraduate 
students for recruitment into CBiRC graduate studies.  In addition to working in a multidisciplinary 
research environment, the graduate students are being educationally broadened through international 
research experiences, joint advising, entrepreneurial activities, and new curriculum development.  From 
this broad background, CBiRC graduates are developing the skills needed to help bring the biorenewable 
chemicals industry to fruition. 
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Participants Tables 
 
Partnering Institutions (Domestic and Foreign) 
 
Name of Institution Role City State/Country
Iowa State University Lead Institution Ames IA 
 
Pennsylvania State University Core Partner 
Institution 
University Park PA 
University of California – Irvine Core Partner 
Institution 
Irvine CA 
University of New Mexico (MSI) Core Partner 
Institution 
Albuquerque NM 
University of Virginia Core Partner 
Institution 
Charlottesville VA 
University of Wisconsin – Madison Core Partner 
Institution 
Madison WI 
William Marsh (W. M.) Rice University Core Partner 
Institution 
Houston TX 
Salk Institute for Biological Studies Collaborating 
Institution 
La Jolla CA 
University of Michigan Collaborating 
Institution 
Ann Arbor MI 
Åbo Akademi University Foreign Partner 
Institution 
Turku Finland 
Eindhoven University of Technology Foreign Partner 
Institution 
Eindhoven The 
Netherlands 
Fritz Haber Institute, Max Planck Society Foreign Partner 
Institution 
Berlin Germany 
Technical University of Denmark Foreign Partner 
Institution 
Lyngby Denmark 
 
Leadership Team 
 
Position Title Name Department Institution 
Director Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Deputy Director Basil J. Nikolau Biochemistry, Biophysics 
& Molecular Biology 
Iowa State 
University 
Diversity Director Krishna Athreya ERC Staff Iowa State 
University 
Diversity Advisor Derrick Rollins Chemical & Biological 
Engineering / Statistics 
Iowa State 
University 
Administrative 
Director 
Tonia McCarley ERC Staff Iowa State 
University 
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Industrial 
Collaboration & 
Innovation Director 
Peter L. Keeling ERC Staff Iowa State 
University 
Pre-College 
Education Program 
Director 
Adah Leshem ERC Staff Iowa State 
University 
University 
Education Program 
Director 
D. Raj Raman Agricultural & 
Biosystems Engineering 
Iowa State 
University 
International 
Education Program 
Director 
Abhaya K. Datye Chemical & Nuclear 
Engineering 
University of New 
Mexico 
Leader, Thrust 1 Joseph P. Noel Jack H. Skirball Center 
for Chemical Biology & 
Proteomics 
Salk Institute for 
Biological Studies 
Leader, Thrust 2 Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Co-Leader, 
Thrust 2 
Nancy A. Da Silva Chemical Engineering & 
Materials Science 
University of 
California – Irvine 
Leader, Thrust 3 Robert J. Davis Chemical Engineering University of 
Virginia 
Leader, Life Cycle 
Assessment (LCA) 
Research Support  
Robert P. Anex Biological Systems 
Engineering 
University of 
Wisconsin – 
Madison 
Chair, Student 
Leadership Council 
Gina Roberts Chemistry Iowa State 
University 
Co-chair, Student 
Leadership Council 
Javier Cardenas Chemical Engineering & 
Materials Science 
University of 
California – Irvine 
 
Research Thrusts 
 
Research Thrust 1 – New Biocatalysts for Pathway Engineering 
Position Title Name Department Institution 
Thrust Leader Joseph P. Noel Jack H. Skirball Center 
for Chemical Biology 
& Proteomics 
Salk Institute for 
Biological 
Studies 
Faculty Investigator Adam Barb Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Thomas A. Bobik Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Thrust Co-Leader Basil J. Nikolau Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
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Faculty Investigator Eran Pichersky Molecular, Cellular & 
Developmental Biology 
University of 
Michigan 
Faculty Investigator Peter J. Reilly Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Eve S. Wurtele Genetics, Development 
& Cell Biology 
Iowa State 
University 
 
Research Thrust 2 – Microbial Metabolic Engineering 
Position Title Name Department Institution 
Thrust Leader Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Thrust Co-Leader Nancy A. Da Silva Chemical Engineering 
& Materials Science 
University of 
California - Irvine 
Faculty Investigator Julie A. Dickerson Electrical & Computer 
Engineering 
Iowa State 
University 
Faculty Investigator Ramon Gonzalez Chemical & 
Biomolecular 
Engineering 
W. M. Rice 
University 
Faculty Investigator Laura R. Jarboe Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Costas D. Maranas Chemical Engineering Pennsylvania 
State University 
Faculty Investigator Ka-Yiu San Bioengineering W. M. Rice 
University 
Faculty Investigator Suzanne B. Sandmeyer Biological Chemistry University of 
California - Irvine 
Faculty Investigator Zengyi Shao Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Eve S. Wurtele Genetics, Development 
& Cell Biology 
Iowa State 
University 
 
Research Thrust 3 – Chemical Catalyst Design 
Position Title Name Department Institution 
Thrust Leader Robert J. Davis Chemical Engineering University of 
Virginia 
Faculty Investigator Ib Chorkendorff Physics Technical 
University of 
Denmark 
Faculty Investigator Abhaya K. Datye Chemical &Nuclear 
Engineering 
University of 
New Mexico 
Faculty Investigator James A. Dumesic Chemical Engineering University of 
Wisconsin - 
Madison 
Faculty Investigator George A. Kraus Chemistry Iowa State 
University 
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Faculty Investigator Dmitry Murzin Chemical Engineering Åbo Akademi 
University 
Faculty Investigator Matthew Neurock Chemical Engineering University of 
Virginia 
Faculty Investigator Hans Niemantsverdriet Chemical Engineering 
& Chemistry 
Eindhoven 
University of 
Technology 
Translational 
Research Manager 
Adam Okerlund ERC Staff Iowa State 
University 
Faculty Investigator Robert Schlögl Inorganic Chemistry Fritz Haber 
Institute, Max 
Planck Society 
Faculty Investigator Klaus Schmidt-Rohr Chemistry Iowa State 
University 
Thrust Co-Leader Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Jean-Philippe 
Tessonnier 
Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator L. Keith Woo Chemistry Iowa State 
University 
 
Research Support – Life Cycle Assessment (LCA) 
Position Title Name Department Institution 
Thrust Leader Robert P. Anex Biological Systems 
Engineering 
University of 
Wisconsin – 
Madison 
Faculty Investigator D. Raj Raman Agricultural & 
Biosystems 
Engineering 
Iowa State 
University 
 
Other Non-University Partners 
 
Pre-College Institutions 
Name of Organization City State / Country 
Albuquerque Institute for Mathematics and 
Science 
Albuquerque NM 
Ames High School Ames IA 
Ames Middle School Ames IA 
Audubon Elementary Dubuque IA 
Baxter Community School Baxter IA 
Beaver Creek Elementary Johnston IA 
Bondurant Farrar Middle School Bondurant IA 
Boone High School Boone IA 
Brody Middle School Des Moines IA 
Callanan Middle School Des Moines IA 
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Central Elementary School Nevada IA 
Central Ninth Grade Center Sand Springs OK 
Clay Elementary Altoona IA 
Colo-Nesco Junior-Senior High School Colo IA 
Cornell Elementary Saylor IA 
Cowles Elementary Des Moines IA 
Crestview Elementary Clive IA 
Dallas Center-Grimes High School Grimes IA 
Delaware Elementary School Des Moines IA 
Des Moines Christian Urbandale IA 
Des Moines Public School District Des Moines IA 
Eason Elementary Waukee IA 
East High School Des Moines IA 
Edwards Elementary Ames IA 
Garton Elementary School Des Moines IA 
Gilbert High School Gilbert IA 
Gilbert Middle School Gilbert IA 
Grandview Park Baptist Des Moines IA 
Greenwood Elementary Des Moines IA 
Harding Middle School Des Moines IA 
Hayes Middle School Albuquerque NM 
Heartland Area Education Agency 11 Johnston IA 
Hiatt Middle School Des Moines IA 
Hoover High School Des Moines IA 
Horizon Elementary School Johnston IA 
Hoyt Middle School Des Moines IA 
Johnston High School Johnston IA 
Karen Acres Elementary Urbandale IA 
King Elementary School Des Moines IA 
Lakewood Elementary Norwalk IA 
Langham Creek High School Houston TX 
Lincoln Elementary Pella IA 
Lincoln High School Des Moines IA 
Los Lunas High School Albuquerque NM 
Marshalltown High School Marshalltown IA 
McCombs Middle School Des Moines IA 
McKinley Elementary Des Moines IA 
Meredith Middle School Des Moines IA 
MFL MarMac Middle School Monona IA 
Monroe Elementary School Des Moines IA 
National Commission on Teaching and 
America’s Future (NCTAF) 
Washington DC 
North High School Des Moines IA 
North Polk West Elementary Polk City IA 
Oak Park Elementary Des Moines IA 
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Oviatt Elementary Norwalk IA 
Parkview Middle School Ankeny IA 
PCM Middle School Prairie City IA 
Perkins Academy of Math and Science Des Moines IA 
Perry High School Perry IA 
Perry Middle School Perry IA 
Roosevelt High School Des Moines IA 
Samuelson Elementary Des Moines IA 
South East Junior High School Iowa City IA 
South Union Elementary Des Moines IA 
Southeast Polk High School Pleasant Hill IA 
Southeast Polk Junior High School Pleasant Hill IA 
Southeast Warren Intermediate Lacona IA 
Springville High School Springville IA 
Stowe Elementary Des Moines IA 
Studebaker Elementary School Des Moines IA 
United Community School Boone IA 
Valley High School West Des Moines IA 
Wallace Elementary School Johnston IA 
West Elementary School Polk City IA 
Western Hills Elementary School Polk City IA 
Winterset Middle School Winterset IA 
 
Innovation and Entrepreneurship Partners 
Name of Organization City State / Country 
Allied Minds Boston MA 
Ceramatec, Inc. Salt Lake City UT 
Cimarron Capital Partners 
(manages the Iowa Fund of Funds) 
Des Moines IA 
Equity Dynamics Des Moines IA 
IllinoisVentures, LLC Chicago IL 
Iowa Economic Development Agency Des Moines IA 
Iowa Energy Center Ames and Nevada IA 
ISU Pappajohn Center for Entrepreneurship 
(at Iowa State University) 
Ames IA 
ISU Research Foundation Ames IA 
ISU Research Park Ames IA 
ISU Small Business Development Center Ames IA 
Khosla Ventures, LLC Menlo Park CA 
Kleiner Perkins Caulfield & Byers Menlo Park CA 
Mayfield Fund Menlo Park CA 
Technology Holding, LLC Salt Lake City UT 
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Advisory Boards 
 
Industrial Advisory Board 
Name Title Institution or Firm 
Dr. Joe Fox (Chair) Director, Emerging 
Technologies 
Ashland, Inc 
Dr. Kevin Schilling 
(Co-chair) 
SVP, Research & 
Development 
Grain Processing Corporation 
Dr. David Alonso Research Scientist Glucan Biorenewables, LLC 
Dr. Jamie Bacher President Pareto Biotechnologies 
Dr Rod Bailey Director Research  Michelin Group 
Dr. Rich Boden Director, Strategic 
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Dr. Carolyn Fritz CEO Allylix, Inc 
Dr. Jean-Luc Fuentes Director Process & 
Technology 
Lesaffre Group 
Ms. Shivani Garg President OmegaChea Biorenewables, LLC 
Ms. Victoria Gonzalez Managing Partner Focus First (Nidus Partners) 
Dr. Gerhard Haas VP Manufacturing and 
R&D 
Jowat Corporation 
Dr. Greg Hartgraves Senior Director of Research POET 
Dr. K’Lynne Johnson President & CEO Elevance Renewable Sciences 
Dr. Peter Keeling Interim President SusTerea Biorenewables, LLC 
Mr. Bill Lee CEO Frontline Bioenergy 
Dr. Hans Liao Director, Metabolic 
Engineering  
OPX Biotechnologies 
Dr. Ross Madon Senior Research Associate BASF 
Dr. Mitch Refvik  Product Development 
Manager 
Chevron Phillips Chemical 
Company 
Dr. Karl Sanford VP Technology Danisco (DuPont Group) 
Dr. Steffen Schaffer Director, Metabolic 
Engineering 
Evonik 
Dr. Steve Van Dien Director, Research Genomatica 
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Mr. Tim Welle Manager The BioBusiness Alliance of 
Minnesota 
Dr. Katsushige Yamada RF Chief Research 
Associate 
Toray Industries 
 
Scientific Advisory Board 
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Roger N. Beachy President Emeritus Donald Danforth Plant Science 
Center 
Michael M. Domach Professor Carnegie Mellon University 
Gregory L. Geoffroy President Emeritus Iowa State University 
Leo E. Manzer President Catalytic Insights, LLC 
Ray W. Miller President and Founder Verdecute Consulting 
Robert Woods Former Chairman (now a 
consultant for the agchem 
industry) 
Syngenta Corporation (retired) 
 
Deans’ Council 
Name Title Department / Division Institution / Firm 
Sarah Rajala Dean College of Engineering Iowa State 
University 
Gregory Washington Dean The Henry Samueli 
School of Engineering 
University of 
California - Irvine 
Gruia-Catalin Roman Dean School of Engineering University of New 
Mexico 
James H. Aylor Dean School of Engineering 
& Applied Science 
University of 
Virginia 
Paul S. Peercy Dean College of Engineering University of 
Wisconsin - 
Madison 
Edwin L. Thomas Dean George R. Brown 
School of Engineering 
W. M. Rice 
University 
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University 
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Doctoral Student Chemical Engineering 
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University of 
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Angelica (Sanchez) 
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Doctoral Student Chemical & Nuclear 
Engineering 
University of 
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Engineering 
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Engineering 
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University 
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1. Systems Vision and Value Added of the Center 
 
1.1. Systems Vision 
 
In the U.S., the production of industrial chemicals is a $400 billion-plus enterprise that 
impacts all aspects of society from personal care products to building materials.  Unfortunately, 
this vital industry is not ultimately self-sustaining despite recent increased exploitation of shale 
gas.  Its long-term future is predicated on transitioning from current nonrenewable, petroleum 
feedstocks to renewable biobased feedstocks.  The development of conversion technologies 
needed to facilitate this transition is the focus of the NSF Engineering Research Center for 
Biorenewable Chemicals (CBiRC). 
CBiRC provides a novel environment for the research, training and education of a new cadre 
of engineers and scientists that, in turn, will generate a new paradigm for optimizing the 
integration of biocatalyst and chemical catalyst systems for the biorenewable chemical industry. 
CBiRC conducts fundamental research that addresses underlying technical challenges of 
developing integrated catalytic systems for converting biobased feedstocks into industrial 
chemicals.  These fundamental research activities will facilitate a paradigm shift in the industrial 
chemical industry as it transitions from petroleum-based feedstocks to biobased renewable 
feedstocks.  The vision statement for the center is: 
 
CBiRC will transform the chemical industry by integrating biological and 
chemical catalysis to create a generalized framework for producing biorenewable 
chemicals.  CBiRC will provide educational programs that attract a diverse set of 
students into the engineering field, and produce a new cadre of globally-
competitive college graduates capable of designing integrated chemical/ 
biological processing systems. 
 
A major impediment to moving from single-use carbon or petroleum feedstocks to multi-use 
carbon or biorenewable feedstocks is the high efficiency associated with current chemical 
production processes.  This efficiency is the cumulative optimization of petrochemical catalysts 
over the past 80 years.  In contrast, the production of industrial chemicals from biorenewable 
feedstocks is in its infancy and significant technological developments of new bio- and chemical 
catalytic systems are required.  These new catalyst paradigms are needed to accomplish chemical 
conversion processes from highly functionalized substrates inherent in biobased feedstocks. This 
contrasts with the current low functionality of petroleum-based feedstocks (i.e., ethylene, 
propylene, and benzene).  These new paradigms will necessitate educating and training engineers 
and scientists who can look beyond conventional chemical production approaches. 
Unlike the transportation fuels market, which has a limited number of products, the chemical 
industry has a broad array of smaller volume products and thus requires a broader technology 
base than the fuels industry.  In turn, this places a higher premium on technology development.  
While shale gas creates a new paradigm for fossil carbon-derived chemicals, the primary 
products accessible from this source are C2 and C3 products still leaving a rich immediate-term 
opportunity for biorenewable chemicals for C4 and greater products.  Therefore, initial 
technology development for biorenewable chemicals should focus on these chemical targets.  
However, longer term the transition to renewable carbon as the sole source of chemicals is still a 
vital goal, so technology being developed needs to be broadly generalizable.  
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The intellectual basis for CBiRC arises from two important concepts; a) development of 
efficient conversion processes for producing chemicals from biobased feedstocks must 
synergistically draw from both biocatalysis and chemical catalysis technology, and 
b) transforming the chemical industry from petrochemicals to biorenewable chemicals will 
require a generalized framework that can produce a range of chemicals from a common 
technological basis.  While biocatalysts and chemical catalysts can both be utilized to convert 
biorenewable feedstocks, the lack of integration between these technology areas limit the 
potential to create economically viable alternative routes to chemicals.  Each of these catalysis 
technology communities have historically worked in isolation from each other.  Additionally, 
companies with expertise in biocatalysis typically have limited expertise in chemical catalysis 
and vice versa.  There is a need to bring expertise from both of these areas to create efficient 
biorenewable chemical processes.  CBiRC will provide a centralized location for biocatalyst and 
chemical catalyst researchers and industries. 
The second key concept for CBiRC is the development of a generalized framework that is 
capable of being exploited to make a range of chemicals.  An important aspect of the efficiency 
of the current petrochemical industry is the fact that it is largely based on seven building blocks, 
which are ethylene, propylene, benzene, xylenes, toluene, butadiene, and methanol.  Significant 
efficiencies are created for the petrochemical production systems due to this building block 
framework.  In contrast, there is significant research ongoing through the U.S. and the world that 
is aimed at developing technology that targets one or two biorenewable chemicals at a time.  
Unfortunately, this approach is quite costly and slow as it requires all of the investment in time 
and money for one chemical at a time.  At the heart of CBiRC is an alternative combinatorial 
metabolic-based model that is flexible in its capacity to generate a series of platform chemicals. 
The integrated testbeds within CBiRC have two important development steps related to 
research and technology development.  First, we must demonstrate that sufficient efficiency is 
possible out of the biological portion of the testbed and chemical portion of the testbed such that 
when combined it is at least feasible to have an integrated production testbed that is 
economically viable.  This first step of the testbed development is performed with model feeds, 
since the goal is to determine feasibility.  The second aspect of the integrated testbed 
development is to then integrate the biological and chemical steps.  In this step of the work-plan 
the actual product from the biological step will be used as the feedstock for the chemical step 
that was developed with the model feed.  Thus, the “real product” from the fermentation step will 
be used in a chemical reactor creating an integrated system. During this part of the technology 
development the role of impurities in the production system becomes very important and there 
may be a need to modify either the biological step or chemical step to handle these impurities.  
This two-step development process for the integrated testbeds within CBiRC is the best approach 
for connecting to technology transfer as the process is consistent with how chemical processes 
are developed for commercial application.   
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1.2. Value Added and Broader Impacts 
 
Research 
 
Engineered Systems-level Approach and Advances 
As described in the previous section, CBiRC provides a single center in which biocatalysis 
and chemical catalysis researchers are working in concert.  While one can commonly create a 
chemically-viable route to produce a specific biorenewable chemical using only a biocatalytic or 
a chemical catalytic conversion pathway, the high efficiency of the current petrochemical 
production system requires that any competing process based on a biorenewable feedstock must 
be extremely efficient to be economically viable.  Meeting this efficiency hurdle requires 
exploiting the collective strengths of both biocatalysts and chemical catalysts while avoiding 
their weaknesses.  This objective can only be achieved when the biocatalysis and chemical 
catalysis researchers are directly comparing and integrating the conversion approaches.  The 
ability to bring together expertise in both of these areas cannot be achieved in single investigator 
grants.  In fact, combined expertise in both of these areas rarely exists even within large 
companies.  Therefore, CBiRC creates the unique opportunity to synergistically develop efficient 
biocatalyst/chemical catalyst systems for producing biorenewable chemicals. 
The prevailing approach for developing biorenewable chemicals to replace petrochemicals 
relies on targeting one or two chemicals at a time.  This serially-based approach is inherently 
expensive and time consuming.  The second engineered systems-level approach underpinning 
CBiRC is the creation of a generalized production framework that can lead to a large range of 
different chemicals.  This expansive vision, which differentiates CBiRC from any other 
organization working on biorenewable chemicals, can only be accomplished through an activity 
that is at least as large as a center.  The generalized production framework being developed by 
CBiRC depends on the creation of a common metabolic pathway leading to intermediate 
chemicals that are subsequently converted to the chemical product using chemical catalysts.  
Two of the center’s research thrusts (Thrust 1 – New Biocatalysts for Pathway Engineering and 
Thrust 2 – Microbial Metabolic Engineering) will focus on exploiting the fatty acid/polyketide 
synthesis pathway in microbial hosts to create the common metabolic pathway, while the third 
research thrust (Thrust 3 – Chemical Catalyst Design) will focus on developing a general 
chemical catalyst “tool chest” for conversion of the biocatalyst-derived products. 
Our three testbeds provide examples of how the research thrusts will be integrated to 
efficiently produce biorenewable chemicals. The carboxylic acid testbed will produce short- to 
medium-chain fatty acids via microbes followed by decarboxylation to α-olefins or 
hydrogenation to fatty alcohols with a chemical catalyst.  The second testbed involves the 
microbial-based production of pyrones that are subsequently ring opened or aromatized by 
chemical catalysts to produce a range of desirable chemicals.  The newest testbed is the 
biological production of bifunctional intermediates that can undergo chemical conversion to α,ω-
functionalized molecules. 
 
Research Productivity 
The fifth year review of CBiRC covers work from March 1, 2012 to February 28, 2013, 
which represents months 43 through 54 of operation for the center.  Key progress has been made 
on the carboxylic acid testbed in both the overall fatty acid yield and selectivity towards specific 
chain lengths. Through a bioinformatics screen, 13 amino acid residues were identified that 
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potentially impact chain length specificity in thioesterases. Through site-directed mutagenesism 
five of these were validated as crucial for substrate specificity.  Additionally, three thioesterases 
with essentially mono-specificity to short and medium chain acyl-ACPs were identified. The 
CBiRC developed E. coli strain for producing medium chain (primarily C14) fatty acid at titers of 
>12 g/L and yield of 0.35 g FA/g glucose (0.36 is the maximum theoretical yield) was the basis 
for technology transfer from CBiRC to commercial partners. A new strategy was utilized for 
enhancing the performance of a C8 strain in which a longer-chain fatty acyl-ACP thioesterase 
was co-expressed. This approach led to improved fermentation performance. Progress was made 
in using the E. coli experimental results to enhance the computational model for suggesting and 
predicting genetic manipulations. S. cerevisiae having non-native FAS systems have been 
developed for producing short chain fatty acids and genetic manipulations over the past year 
have led to 32-fold and 21-fold increases in C8 and C10 levels relative to controls. Our previous 
reaction systems for decarboxylating fatty acids to α-olefins were not stable unless dihydrogen 
was also present.  However, we have now have successfully identified a catalyst and reaction 
conditions that produces α-olefins from carboxylic acids without the addition of small amounts 
of dihydrogen to maintain activity. 
The pyrone testbed also made significant progress over the past year. We identified several 
sets of surface exposed and partially exposed Cysteine residues in 2-PS that when mutated to Ser 
or Ala resulted in enhanced stability of 2-PS during fermentation in yeast and a concomitant 
substantial increase in pyrone production.  In all, forty-one 2-PS mutants from Thrust 1 were 
cloned by Thrust 2 into pXP vectors and expressed in yeast. By combining the protease 
knockouts, optimum promoter, optimum expression system, and best 2-PS mutant, we increased 
our pyrone titers to 1.74 g/L at a theoretical yield of 37%. This represents a 25-fold increase in 
titer and a 48-fold increase in yield over the past two years. We have transferred genes and 
vectors to a CBiRC member for studies in industrial yeasts.  Culture broth from Thrust 2 was sent 
to Thrust 3, which triggered the need to develop a catalyst which is unaffected by biogenic 
compound inhibition. A novel catalyst system was explored in which a metal catalyst having a 
polymer overcoating for adding amino acid resistance was tested for stability. Significant 
catalyst stability enhancement in hydrogenation reactions with pyrone derivatives was observed. 
The bifunctional testbed, which was launched during the previous year, had several notable 
achievements in its first full year.  The ability to extend KASIII technology to make bi-functional 
fatty acids was demonstrated. A strategy has been identified to exploit the novel reverse β-
oxidation pathway to generate bifunctional molecules.  Key understanding on the selective 
oxidation of diols to diacids was developed using Pt catalysts. Trends in initial alcohol oxidation 
rate suggested that the proximity of electron withdrawing groups appears to slow the rate of 
alcohol oxidation making shorted chain bifunctionals more difficult to oxidize. 
Several other important research developments are important to note. A spreadsheet-based 
model to provide early-stage TEAs of biorenewable chemicals, named BioPET (Biorenewables 
Process Evaluation Tool) was developed and tested against more detailed models of three 
biorenewable commodity chemicals.  Classification of all eight enzyme groups focused on by 
Thrust 1 has been completed and incorporated into the ThYme database accessible to center 
members and to the general scientific public. Catalytic materials with enhanced hydrothermal 
stability were demonstrated for carbon-coated metal oxides as well as niobia embedded in carbon 
spheres, which were both the subject of invention disclosures. 
We began two new routes for initiating seed projects within CBiRC: a) student-led projects 
that require collaborations across research groups and b) Industrial Advisory Board “Seed 
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Projects.”  During the past year, CBiRC faculty members had 75 publications (37 core and 38 
associated) pertaining to the research and technology efforts of the center.  In the past year 
CBiRC faculty filed 1 patent application and 6 invention disclosures from core funding.   
 
Education Outcomes 
 
CBiRC believes that the characteristics desired of an innovative, adaptive, and creative 
engineer are: (1) They will possess a deep understanding of fundamental principles honed by 
hands-on experiences in design courses, in the lab, and/or in industrial internship settings. These 
experiences and understanding of fundamental principles will make them willing and critical 
experimenters who are forever improving the systems on which they work. (2) They will have 
had a cross-disciplinary education that includes sufficient breadth that allows serious 
consideration of alternative solutions. In the context of CBiRC, this means that they will be able 
to see the wide-ranging potential for both chemical and biological catalysis for the production of 
biorenewable chemicals. (3) They will understand that economic and environmental constraints 
are absolutely central to the practice of engineering, and will be capable of evaluating their work 
on the basis of economic and environmental criteria. (4) They will have a sense of purpose – that 
the work at hand is important to humanity’s future. This will be engendered by exposure to 
broader issues of sustainability and global ethics. 
 
Developing an ERC Culture 
In the CBiRC All Student survey was again used to assess students and postdocs experiences 
they have had as members of CBiRC. Overall, students felt a great deal of pride in their 
accomplishments as CBiRC researchers, but they particularly commented about the role of their 
research within the biorenewable industry, opportunities to present their research at conferences, 
collaborations with other students and colleagues, and the opportunity to contribute to the larger 
scientific community. Students reported that their involvement in CBiRC research was helpful. 
They reported that it fostered their critical thinking skills and increased their confidence in their 
ability to conduct quality research. Quite broadly, students indicated that one of the biggest 
benefits of the CBiRC program was the opportunity to participate in interdisciplinary research 
and collaboration. Relative to REU students, they were pleased with their 2012 research 
experience and appeared to either want to continue their previous career goals or were more 
influenced to pursue a research or engineering route. From the post-program survey, 86% 
planned to attend graduate school and 43% planned to pursue an academic career, while 7% 
planned to go into industry and 29% planned to pursue a medical career 
 
Curricular and Interdisciplinary Impacts 
A 14-credit hour graduate minor in biorenewable chemicals has been created by CBiRC at 
ISU as well as certificate programs at most of our partner schools.  The combined chemical 
catalysis/biocatalysis course developed by the Center is currently being taught as will be our 
interdisciplinary chemical industry course next semester.  A student seminar series continued 
that included presentations from CBiRC students and industrial members.  Two CBiRC or CBiRC 
associated graduate students and one undergraduate student had research experiences in Europe 
the past year and two European graduate students had research experiences in CBiRC faculty 
laboratories.   
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Pre-College Program Impacts on Pre-College Students, Classrooms, and Teachers 
The CBiRC strategy of engaging pre-college students by primarily working through the 
teachers now has all of the pieces (RET, Middle School Science Teacher Summer Academy, 
Symbi GK12, and Professional Learning Community) integrated and operating.  The 2012 RET 
program included seven science teachers and three Project Lead The Way (PLTW) instructors. 
Once again an aspect of the RET was having the teachers develop case studies based on the RET 
experiences to take back to their classrooms.  The 2012 Middle School Science Teacher Summer 
Academy had 10 teachers including one from New Mexico.  A new one-week workshop focused 
on biorenewable energy and energy efficiency for Elementary School teachers was inititated. 
The CBiRC-initiated Young Engineers and Scientists program again involved 17 high school 
students over the past year.  Three course modules on biorenewables that were collaboratively 
developed between CBiRC, the ISU Office of Biotechnology, CBiRC lead teachers and Symbi 
GK12 teachers and fellows were implemented into middle school and high school curriculum.  
One of the modules on biodiesel technology was used by more than 2000 students in the past 
year including over 1000 in the CBiRC partner schools. 
 
Industrial Collaboration and Technology Transfer Interactions 
 
Role of Industry/Practitioners 
CBiRC’s industry practitioners have grown to 29 member companies.  The companies span 
the entire value chain and encompass the largest highly integrated global chemical suppliers 
down to small startup entities.  They represent six technology sectors including petrochemical 
producers, agricultural biomass processors, chemical catalyst providers, biocatalyst providers, 
process technology licensors and industrial chemical users.  Company memberships are scaled 
by the size of the company as well as rights to IP from CBiRC (details provided in section 4.2).  
The role of the industry practitioners includes: 1) guidance on selection of the chemical product 
targets, 2) guidance on the research program in the center both formally through interactions 
with the faculty researchers and informally through interactions with the students, 3) performing 
the annual SWOT analysis of CBiRC, 4) evaluation of IP generated by the center, 5) 
development of member-specific sponsored research projects (supported by separate funds from 
the members), 6) providing a means for technology transfer both through IP translation and 
student internships, and 7) supporting CBiRC through annual members fees.  Interactions with 
member companies is expanding and CBiRC has become a key player in planning and 
influencing the biobased business development summits and conferences in the broader industry.  
CBiRC is striving to deeply enrich its value and impact through multiple interactions with 
member companies.  This includes: information flow through twice yearly CBiRC meetings 
(May and October), confidential newsletters, intranet, webinars and presentations; networking 
opportunities with faculty, students and other partnering biorenewable chemical companies as 
well as innovation venture capital partners; research rights to conduct internal research on 
recent, not-yet-published research findings; recruiting opportunities through a job-posting and 
internship website; option to negotiate a royalty-bearing commercial license for CBiRC 
technology (Full Members only); sponsoring opportunity for specific projects of special interest 
to member companies willing to fund such research; advisory role through IAB on CBiRC’s 
research programs, testbeds and target chemicals. 
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Technology Transfer 
We have done technology transfer to commercial application through three avenues: 1) 
directly to an established member company, 2) in collaboration with an existing startup or small 
entity, or 3) through the establishment of a new startup company.  CBiRC has established four 
membership levels including large, medium, small and startup entities, with different cost basis 
for each.  To aid in the establishment of new startup companies, the BioBased Foundry was 
founded by CBiRC through new funding from Iowa State University. 
We continue to have an active technology transfer program. Fatty acid synthesis technology 
was transferred to two companies, Technology Holdings, LLC and Ceramatec, with each of these 
transfers accompanied with additional funding through the NSF SECO and USDA ARS 
programs, respectively.  The first startup company from CBiRC, Glucan Biorenewables, Inc. was 
launched in April, 2011 and then formed a commercialization partnership leading to 
reincorporation as Glucan Biorenewables, LLC. Furanics technology from CBiRC has been 
transferred to this company.  OmegaChea, another CBiRC startup company, successfully the 
NSF I-Corps program and is using CBiRC technology directed towards the production of 
bifunctional molecules.  Pareto Biotechnologies was formed around polyketide technology 
including pyrone production.  The most recently established startup company is SusTerea 
Biorenewables, which is leading the commercialization of CBiRC technology for biorenewable 
aromatics.  The ThYme database continues to enjoy a high use rate with an average of over 200 
hits/month (excluding CBiRC).   
 
Team and Its Diversity 
 
Interdisciplinary Composition of the CBiRC Team 
The overall CBiRC research team is composed of disciplinary experts from chemical 
engineering, chemistry, biochemistry, biology, genetics, electrical engineering, agricultural 
engineering, and microbiology and represent faculty from both the biocatalysis and chemical 
catalysis communities.  Each research thrust includes experts from at least two disciplines, so the 
interdisciplinary efforts are across the center as well as within the individual research thrusts.  
Three new faculty members were hired at Iowa State University in support of CBiRC in the past 
year, Prof. Jean-Philippe Tessonnier (Thrust 3, Chemical & Biological Engineering, synthesis of 
carbon based catalyst systems), Prof. Zengyi Shao (Thrust 2, Chemical & Biological 
Engineering, synthetic biology in microbial systems), and Prof. Adam Barb (Thrust 1, 
Biochemistry, Biophysics, and Molecular Biology, NMR for enzyme structure characterization). 
 
Progress on Participation of Underrepresented Groups 
Through the RET and Middle School Science Teacher Summer Academy programs as well 
as the associated GK12 program, CBiRC has built strong ties to the Des Moines Public School 
District that has a high enrollment of underrepresented groups. We are extending our pre-college 
program directly to the Albuquerque area, as four teachers participated in CBiRC’s teacher 
programs during the past two summers.  Recently, we supported a successful RET proposal from 
the University of New Mexico. CBiRC is driving Iowa State University to develop centralized 
programming for REUs so as to broadly improve diverse recruitment.  Our Diversity Director 
has led an updating of our diversity strategic plan, which has pushed us towards more extensive 
(and productive) interactions at the lead institution and with the broader ERC network.  
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Outputs
Sep-01-2008 - 
Feb-28-2009
Mar-01-2009 - 
Feb-28-2010
Mar-01-2010 - 
Feb-28-2011
Mar-01-2011 - 
Feb-28-2012
Mar-01-2012 - 
Feb-28-2013 All Years
In Peer-Reviewed Technical Journals 0 4 12 23 34 73
In Peer-Reviewed Conference Proceedings 0 0 1 0 0 1
In Trade Journals 0 0 0 0 0 0
With Multiple Authors: 0 4 11 20 33 68
Co-authored With ERC Students 0 2 8 17 33 60
Co-authored With Industry 0 0 0 0 0 0
With Authors From Multiple Engineering Disciplines 0 0 2 7 1 10
With Authors From Both Engineering and Non-Engineering Fields 0 1 4 4 9 18
With Authors From Multiple Institutions 0 1 7 8 10 26
In Peer-Reviewed Technical Journals 6 24 65 35 38 168
In Peer-Reviewed Conference Proceedings 0 0 2 2 0 4
In Peer Reviewed Technical Journals 0 0 0 0 0 0
In Peer-Reviewed Conference Proceedings 0 0 0 0 0 0
Industrial Practitioner Members 5 10 18 26 31 90
Innovation Partners 0 7 13 14 15 49
Funders of Sponsored Projects 2 0 0 2 2 6
Funders of Associated Projects 4 11 17 10 8 50
Contributing Organizations 2 1 1 2 2 8
Inventions Disclosed (by researchers or tech transfer office) 0 3 10 6 9 28
Total Patent Applications Filed 0 2 4 3 11 20
Provisional Patent Applications Filed [1] N/A N/A N/A N/A 4 4
Full Patent Applications Filed [1] N/A N/A N/A N/A 7 7
Patent Awarded 0 0 0 2 0 2
Licenses Issued 0 0 0 1 0 1
Spin-off Companies Started 0 0 1 0 4 5
Estimated Number of Spin-off Company Employees 0 0 1 0 1 2
Building Codes Impacts 0 0 0 0 0 0
Technology Standards Impacts 0 0 1 0 0 1
New Surgical and Other Medical Procedures Adopted 0 0 0 0 0 0
Bachelor's Degrees Granted 0 1 10 20 8 39
Master's Degrees Granted 0 1 4 7 4 16
Doctoral Degrees Granted 0 0 6 17 6 29
Industry: N/A N/A N/A 3 1 4
ERC Member Firms N/A N/A N/A 1 0 1
Other U.S. Firms N/A N/A N/A 2 1 3
Other Foreign Firms N/A N/A N/A 0 0 0
Government N/A N/A N/A 1 0 1
Academic Institutions N/A N/A N/A 5 2 7
Other N/A N/A N/A 8 0 8
Undecided/Still Looking/Unknown N/A N/A N/A 3 5 8
Undergraduate ERC Graduates Total 0 0 0 20 8 28
Industry: N/A N/A N/A 2 1 3
ERC Member Firms N/A N/A N/A 0 0 0
Other U.S. Firms N/A N/A N/A 1 1 2
Other Foreign Firms N/A N/A N/A 1 0 1
Government N/A N/A N/A 0 0 0
Academic Institutions N/A N/A N/A 0 3 3
Other N/A N/A N/A 3 0 3
Undecided/Still Looking/Unknown N/A N/A N/A 2 0 2
Master's ERC Graduates Total 0 0 0 7 4 11
Industry: N/A N/A N/A 8 2 10
ERC Member Firms N/A N/A N/A 0 2 2
Other U.S. Firms N/A N/A N/A 7 0 7
Other Foreign Firms N/A N/A N/A 1 0 1
Government N/A N/A N/A 2 0 2
Academic Institutions N/A N/A N/A 4 3 7
Other N/A N/A N/A 0 0 0
Undecided/Still Looking/Unknown N/A N/A N/A 3 1 4
Ph.D. ERC Graduates Total 0 0 0 17 6 23
Ph.D.s Hired by:
ERC Technology Transfer
Degrees to ERC Students
Job Sector of ERC Graduates
Undergraduates Hired by:
Master's Graduates Hired by:
Table 1: Quantifiable Outputs
Publications Resulting From Center Support
Publications Resulting From Associated Projects in the Strategic Plan
Publications Resulting From Sponsored Projects
Participating Organizations
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New Courses Based on ERC Research That Have Been Approved by 
the Curriculum Committee and Are Currently Offered [2] 0 0 3 2 0 5
Currently Offered, ongoing Courses With ERC Content 0 4 9 11 7 N/A
New Textbooks Based on ERC Research 0 0 0 0 1 1
New Textbook Chapter Based on ERC Research 0 0 1 2 4 7
Free-Standing Course Modules or Instructional CDs 0 0 1 2 5 8
New Full-Degree Programs Based on ERC Research 0 0 0 0 0 0
New Degree Minors or Minor Emphases Based on ERC Research 0 0 1 0 0 1
New Certificate Programs Based on ERC Research 0 0 1 0 0 1
Total Full-Degree Programs Based on ERC Research 0 0 0 0 0 0
Number of Students Enrolled 0 0 0 0 0 0
Number of Students Graduated 0 0 0 0 0 0
Total Certificate Programs Based on ERC Research 0 0 1 1 1 1
Number of Students Enrolled 0 0 0 3 0 3
Number of Students Graduated 0 0 0 0 0 0
Workshops, Short Courses, and Webinars [3] 1 12 19 13 3 48
Number of Participants That Attended Events 10 469 2746 2171 51 5447
Innovation-focused Workshops, Short courses, Webinars, and 
Seminars N/A N/A 2 2 2 6
Number of Participants That Attended Events N/A N/A 120 121 52 293
Seminars, Colloquia, Invited Talks, Etc. 26 18 48 50 92 234
ERC Sponsored Educational Outreach Events for K-12 Students 0 12 12 14 10 48
Number of Students That Attended Events 0 333 1348 831 1131 3643
Number of Teachers That Attended Events 0 45 350 16 87 498
ERC Sponsored Educational Outreach Events for Community 
Colleges 0 2 4 1 11 18
Number of Community College Students That Attended Events 0 100 143 25 512 780
Number of Community College Faculty That Attended Events 0 25 34 5 256 320
Student Internships in Industry 0 0 0 3 1 4
Faculty Working at Member Firm 0 0 0 0 0 0
Member Firm Personnel Working at ERC 0 0 0 0 0 0
[2] New courses currently offered and approved by the curriculum committee are only counted in the first year that they are offered so there is no multiple counting of these 
courses.
[3] For years prior to 2009, the values include  "Workshops and short courses to industry" and "Workshops and short courses to non-industry groups".
ERC Influence on Curriculum
Active Information Dissemination/Educational Outreach
Personnel Exchanges
[1] Data for the breakdown of "Total Patent Applications Filed" into "Provisional Applications Filed" and "Full Patent Applications Filed" were not collected prior to 2013.
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 Average
All Active ERC's
FY 2012
Average
Advanced 
Manufacturing 
Sector
FY 2012
Average
Class of 2008
FY 2012
Iowa-Biorenewable 
Chemicals
Total
Iowa-Biorenewable 
Chemicals
Total
(17 ERC's) (4 ERC's) (5 ERC's) FY 2012 FY 2013
Organizations Within Non-Industry Sectors 15 14 19 26 26
Organizations Within Industry Sectors 23 37 29 28 32
Small 41% 41% 32% 46% 53%
Medium 10% 9% 9% 0% 0%
Large 49% 50% 58% 54% 47%
Industrial/Practitioner Member Firms 20 32 25 26 31
Innovation Partners 5 4 10 14 15
Funders of Sponsored Projects 1 1 2 2 2
Funders of Associated Projects 10 12 12 10 8
Contributing Organizations 2 3 3 2 2
Total Number of Organizations 38 51 50 54 58
Total Membership Fees Received $262,768 $506,392 $389,496 $488,000 $582,281
Direct Sources of Support [1] $5,213,822 $5,982,403 $6,526,209 $6,222,434 $5,856,327
NSF 70% 71% 63% 74% 78%
Other Federal 0% 1% 1% 3% 1%
State Government 2% 1% 3% 2% 0%
Local Government 0% 0% 0% 0% 0%
Foreign Government 0% 0% 0% 0% 0%
Quasi-Government Research 0% 0% 0% 0% 0%
Industry (U.S. and Foreign) 8% 12% 10% 8% 10%
University (U.S. and Foreign) 18% 15% 22% 12% 11%
Other 1% 0% 1% 0% 0%
Associated Project Support $4,197,141 $5,533,829 $3,184,597 $5,577,235 $4,623,997
ERC Personnel and Educational Participants 4,772 6,692 5,189 1,216 2,362
Leadership Team [2] 15 13 18 13 15
Faculty [3] 41 32 47 31 33
Graduate Students 75 86 102 123 109
Undergraduate Students 40 84 50 77 88
REU Students 15 15 17 15 16
K-12 Teachers 11 32 17 58 92
K-12 Students (Young Scholars) 19 55 20 22 23
Faculty/Teachers That Attended ERC Sponsored 
Educational Outreach Events for K-12 Students [4] 212 121 138 16 87
Students That Attended ERC Sponsored 
Educational Outreach Events for K-12 Students [4] 2,749 3,678 2,125 831 1,131
Faculty That Attended ERC Sponsored Educational 
Outreach Events for Community Colleges [4] 74 203 58 5 256
Students That Attended ERC Sponsored 
Educational Outreach Events for Community 
Colleges [4] 1,521 2,374 2,596 25 512
% Women [5] 30% 32% 28% 34% 37%
% Underrepresented Racial Minorities [6] 14% 14% 16% 4% 4%
% Hispanic [6] 10% 11% 7% 9% 8%
Publications Average Average Average Total Total
In Peer-Reviewed Technical Journals 28 34 38 23 34
In Peer-Reviewed Conference Proceedings 18 14 17 0 0
Multiple Authors: Co-Authored With ERC Students 32 38 42 17 33
Multiple Authors: Co-Authored With Industry 3 2 4 0 0
Intellectual Property Average Average Average Total Total
Invention Disclosures 6 12 8 6 9
Patent Applications (Provisional and Full) 3 5 4 3 11
Patents Awarded 1 1 2 2 0
Licenses (patents, software) 0 0 0 1 0
Education and Outreach Outputs Average Average Average Total Total
New Courses Developed 3 4 4 2 0
Currently Offered, Ongoing Courses With ERC 
Content 16 11 14 11 7
New Full Degree Programs 0 0 0 0 0
New Degree Minors or Minor Emphases 0 0 0 0 0
New Certificate Programs Based on ERC Research 0 0 1 0 0
[4] - Includes participant values from Table 1 Quantifiable Outputs.
[5] - Calculated out of total number of personnel.
[6] - Calculated out of total number of U.S. Citizens or Permanent Residents.
Table 1a: 2012 Average Metrics Benchmarked Against All Active ERC's and the Center's Tech Sector
Metric
[1] - Includes new support (unrestricted cash, restricted cash, and in-kind donations) from Table 9 only. Residual funds carried over from previous years are not included in 
benchmarking figures.
[2] - Includes Directors, Thrust Leaders, Education Program Leaders, Research Thrust Management & Strategic Planning, Administrative Director, and Industrial Liasion Officer.
[3] - Includes Directors, Education Program Leaders, Thrust Leaders, Senior Faculty, Junior Faculty, and Visiting Faculty.
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1.3. Highlights of Significant Achievements and Impacts 
 
Discovery 
 
Directed Evolution of Acyl-ACP Thioesterase 
Outcome/Accomplishments 
A platform for directed evolution of acyl-ACP thioesterase has been developed, which includes 
the generation of thioesterase mutant library, construction of expression vectors, screen of the 
mutants on the plates for TE activity, and the fatty acids analysis with GC-MS. By assembling 
oligo primers with mixed nucleotides, a TE mutant library with up to 9 x 1038 variants was 
generated. From this mutant library, TEs with higher activity or novel specificity are being 
selected. 
 
 
 
Background, Impact and Benefits 
Acyl-ACP thioesterase, hydrolyzing thioester bond of acyl-ACP to release free fatty acids, plays 
essential role in the termination of acyl chain elongation in fatty acid synthesis pathway. Similar 
to the natural evolution process, directed evolution of acyl-ACP TE combines the generation of a 
large number of random mutants and high throughput screening strategy to obtain TEs with 
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higher activity or narrow specificity.Acyl-ACP thioesterase variants isolated from the directed 
evolution scheme can be used in metabolic engineering of microbes for the production of 
different types of fatty acids. The increased TE activity is essential for increasing the fatty acid 
production. 
 
Novel Bifunctional Fatty Acids by Exploiting KASIII Functional Diversity 
Outcome/Accomplishment 
A team of Thrust 1 researchers discovered unique Ketoacyl-ACP Synthase III (KASIII) 
biocatalysts that can utilize unusual substrates resulting in production of novel bifunctional fatty 
acids. These bifunctional fatty acids can have applications in surfactant/detergent and lubricant 
manufacturing and can replace currently used petroleum-based chemicals. The newly established 
NSF I-Corps program supported the commercialization feasibility and market studies of the 
KASIII technology. Learning from I-Corps program eventually led to establishment of a CBiRC 
associated start-up entity, OmegaChea Biorenewables LLC that will pursue the 
commercialization path for this promising KASIII technology.  
 
 
Innovation via OmegaChea 
OmegaChea Biorenewables LLC, a startup 
company, will utilize this CBiRC 
bioengineered microbial platform to 
commercialize this technology and will 
enable the replacement of existing petroleum-
based molecules with unique, bio-based bi-
functional molecules.  This technology is 
based on the characterization of >2300 
known KASIII genes by a Thrust 1 research 
team.  Novel KASIII biocatalysts were 
characterized and bioengineered into an 
appropriate microbial host to produce unique 
bi-functional fatty acids that occur rarely in 
nature, but are of utility in a number of 
applications. Through the NSF I-Corps 
program, the CBiRC team identified potential 
markets and customer segments for these 
novel bifunctional fatty acids, and has 
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developed a business model. Moving forward with their technical-business efforts, the 
OmegaChea team envisions translation of KASIII technology from lab-scale to a commercial 
scale with support from various state and federal funding sources.  
 
Increased Pyrone Production through Combined Strain and Enzyme Engineering 
Outcome/Accomplishment 
CBiRC researchers have substantially improved the production of the pyrone triacetic acid 
lactone (TAL) in the yeast 
Saccharomyces cerevisiae 
through a combination of 
rational enzyme design and 
strain engineering. TAL 
titer has been increased by 
25-fold and yield (g TAL/g 
glucose) by 48-fold. A 
collaboration between 
Thrust 1 and Thrust 2 was 
instrumental in obtaining 
the improvements, and the 
TAL-containing culture 
broth has been transferred 
to Thrust 3 for further 
conversion via chemical 
catalysis. 
 
Impact and Benefits 
The advances demonstrate a successful route for obtaining commercially viable levels of 
pyrones. Similar approaches will prove useful for the high-level synthesis of related products. 
 
Explanation and Background 
A combination of enzyme and strain engineering has been implemented to increase pyrone 
production in S. cerevisiae. Both in vitro and in vivo testing proved critical in selecting the best 
variants of the enzyme 2-pyrone synthase (2-PS). Following in vitro assays, each promising 
enzyme mutant was tested in the S. cerevisiae strains and the results were used to further refine 
the mutations needed. The figure shows the results with a combination of 2 mutations; 2-PS 
variants with additional mutation combinations have also been constructed.  To engineer the 
strains for increased synthesis, both information from the literature and an OptKnock 
computational strategy were used to predict beneficial genetic changes to tune the metabolic 
pathways in the yeast host. Of 14 single gene knockouts tested, 11 increased TAL levels (on a 
per cell basis) by ~2-fold or more, and combinations of gene knockouts increased pyrone 
production further. Combining the promising strains and 2-PS variants resulted in the highest 
titers of TAL. 
 
  
Strain Engineering  
WT Strain; WT 2PS 
0.07 g/L TAL 
Enzyme Engineering 
      4KO Strain; 2PS‐2mut 
1.74 g/L TAL  
4KO Strain; WT 2PS 
1.32 g/L TAL 
  WT Strain; 2PS‐2mut 
1.27 g/L TAL 
 Expression    Conditions 
WT Strain; WT 2PS 
0.25 g/L TAL 
 Combine 
Yield: 0.0036 g/g 
< 1% of Theore cal 
Yield: 0.174 g/g 
37% of Theore cal 
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Selective Oxidation of Multifunctional Alcohols to Aldehydes and Acids 
Outcome/Accomplishment 
Researchers in Thrust 3 of CBiRC have made substantial progress toward producing aldehydes 
and acids by the selective oxidation of alcohols using supported metal catalysts. The oxidation of 
multifunctional alcohols, such as glycerol, glucose, and 5-hydroxymethylfurfural, to value-added 
acid products in an environmentally-friendly way is a major opportunity for the production of 
sustainable chemicals. For example, the catalytic oxidation of 5-hydroxymethylfurfural to 2,5-
furandicarboxylic acid over supported platinum nanoparticles was performed in liquid water 
using dioxygen as the oxidant. The furanic dicarboxylic acid product can be polymerized to a 
final product that is considered a biorenewable 
replacement for polyethylene terephthalate (PET 
plastic), which is produced from fossil fuel 
resources. The performance of supported metal 
catalysts (i.e. rates and product selectivities) in the 
oxidation of multifunctional substrates, such as α,ω 
di-alcohols, has also been studied.  A critical review 
of alcohol oxidation catalysis written by Davis et al. 
included a significant amount of CBiRC research 
and was highlighted with a graphic on the cover 
page of Green Chemistry. 
 
Impact and Benefits 
The production of biorenewable chemicals by 
chemical catalysis requires an understanding of both 
the function of the metal catalyst and the type of 
substrate, which is produced via biological 
conversion of sugars in Thrusts 1 and 2. This work 
focuses on the selectivity of alcohol oxidation, the 
activity of the solid metal catalyst, and the stability 
of the catalyst over long time scales. To aid in the 
design of new catalysts, the mechanism of alcohol oxidation at basic conditions in liquid water 
was elucidated and a comparison of the alcohol oxidation activity over different supported 
metals for a variety of substrates was evaluated. The ultimate goal of the work is to develop a 
robust, active catalyst for selective alcohol oxidation reactions relevant to the efficient 
production of high value biorenewable chemicals in an environmentally-friendly manner. 
 
Explanation and Background 
Research performed by CBiRC has determined that the oxidation of multifunctional alcohols to 
aldehydes and acids can be catalyzed by supported gold and platinum nanoparticles in aqueous 
solution using only dioxygen as the oxidant. While gold catalysts exhibit very high alcohol 
oxidation activity, they require high pH to function effectively and produce small amounts of 
dicarboxylic acids from the oxidation of α,ω di-alcohols.  Although platinum catalysts 
demonstrate a lower rate of alcohol oxidation than gold catalysts, Pt is effective at low pH and 
can produce a substantial amount of dicarboxylic acids from α,ω di-alcohols, depending on the 
substrate. The mechanism of alcohol oxidation has been investigated using isotopic labeling and 
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kinetic studies with both gold and platinum catalysts. In addition, exploratory work with 
bimetallic Pt-Au nanoparticles as selective alcohol oxidation catalysts has been initiated. 
 
Elucidating the Chemical Structures of Carbon-Based Solid Acid Catalysts 
Outcome/Accomplishment 
Solid state NMR techniques have been developed by CBiRC Thrust 3 researchers that provide 
unprecedented insight into the chemical structure of the carbon backbone in sulfonated carbon 
catalysts.  While previous studies have suggested that carbonization of carbohydrates followed 
by sulfonation leads to solid acid catalysts with good hydrothermal stability, the detailed 
characterization of 
these materials has 
been problematic.  
For the first time we 
have demonstrated 
“average” chemical 
structures for these 
materials.  Shown in 
the figure are 
chemical structures 
found when the 
carbohydrate starting 
material was directly 
sulfonated and the 
chemical structure 
resulting from 
carbohydrate 
carbonization at 
450°C followed by 
sulfonation.  Further, we have characterized the relationship between the chemical structure of 
the sulfonated carbons and their hydrothermal stability.  
 
Impact and Benefits 
Sulfonated carbons have been touted as promising solid acid catalysts that are stable in aqueous 
reaction systems.  However, previous attempts to characterize the structure of these carbon 
materials have led to highly speculative structures, which now appear to be incorrect.  The 
current work has systematically demonstrated the structures resulting from various synthetic 
approaches, which has allowed us to evaluate what chemicals structures are required to generate 
hydrothermally stable sulfonated carbon catalysts.  
 
Explanation and Background 
A large challenge in the development of heterogeneous catalysts for biomass conversion is the 
need for the catalysts in many instances to be stable in a high temperature aqueous environment.  
Of particular interest are hydrothermally stable solid acid catalysts.  A number of research 
CBiRC Fifth Annual Report
Volume I 29 April 10, 2013
reports have extolled the potential of sulfonated carbon materials for this application.  While 
some interesting results have been reported, the analytical techniques used to characterize these 
materials miss key carbon structural information.  CBiRC researchers have developed new solid 
state NMR characterization protocols that provide this structural information. 
 
Learning 
 
Pre-College Education – Achieving the Vision 
Outcome/Accomplishment 
Over the past five years, CBiRC has become a significant presence in the Des Moines Public 
School District.  There are over 75 teachers currently employed in 28 schools within the district 
who have participated in CBiRC STEM professional development opportunities ranging from 
Research Experiences for 
Teachers (RET), a three-week 
STEM content Summer 
Academy for middle school 
science teachers, a one-week 
STEM content workshop for 
elementary school teachers as 
well as seminar presentations to 
all district STEM teachers in the 
district during. CBiRC hosted 
annual Science and Engineering 
Days at numerous district middle 
schools. The number of middle 
school students who qualify for 
the Iowa State Science and 
Technology Fair has increased significantly. CBiRC’s Young Engineers and Scientists (YES) 
program is fully established in the district and the number of applicants has doubled in the past 
two years. Finally, through the Symbi GK-12 program, a pilot project has been initiated to create 
a STEM continuum between Hoover High School and its feeder middle school Meredith. As a 
consequence, in fall 2012, Hoover High School in Des Moines, implemented a STEM Academy 
for selected incoming freshmen.  
 
Impact and Benefits 
The impact of CBiRC and its associated project Symbi GK12 on the Des Moines School District 
is widespread. Following CBiRC’s 2013 summer professional development programs there will 
be over 100 teachers who have benefitted from CBiRC.  As each teacher is in contact with over 
100 students each year, we can estimate that each year 10,000 students in the Des Moines School 
District are learning some aspect of biorenewables from a teacher who is now trained to engage 
his/her student in a more challenging, inquiry based manner. Additionally, over 75% of CBiRC’s 
YES alumni are currently enrolled in college in a STEM field. 
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Explanation and Background 
At its inception, CBiRC established a strong partnership with the Des Moines Public Schools 
District (DSMPSD), the largest district within Iowa (30,000 students, 63 schools, 49% 
underrepresented minority enrollment and over 60% students receiving free or reduced lunch). 
CBiRC’s vision was to (1) provide STEM professional development to the Des Moines School 
District so that science and pre-engineering teachers will think and perform and as 21st century 
scientists and engineers and (2) produce a diverse set of high school graduates who are ready to 
meet the demands and challenges of the 21st century, and are more competitive in STEM fields. 
 
In order to realize this, strong collaborations were forged between the district science and 
technology coordinators, school improvement leaders and school principals.  Many initial 
discussions were held between CBiRC and these individuals to brainstorm the most productive 
way CBiRC can support and impact the district.  CBiRC education leadership followed 
recommendations from Des Moines district staff and since those early days, all of the CBiRC 
educational programs are developed and implemented as joint efforts.  The Des Moines School 
District, its superintendent and leadership, as well as at least one third of its schools are 
benefiting from CBiRC’s presence in Iowa. 
 
Publication of Open Access Book on Catalysis for Biomass Conversion  
Outcome/Accomplishment 
Through the CBiRC international program in concert 
with PIRE program, a comprehensive open access book 
discussing the use of heterogeneous catalysis in the 
conversion of biomass and biomass-derived feedstocks 
was published in February, 2013: 
 
Behrens, Malte and Abhaya Datye (eds.) Catalysis for 
the Conversion of Biomass and Its Derivatives Max 
Planck Research Library for the History and 
Development of Knowledge, Proceedings 2. Berlin: 
Edition Open Access (ISBN 978-3-8442-4282-9). 2013. 
http://www.edition-open-access.de/proceedings/2/ 
Impact and Benefits 
As noted in the introduction to the text, “All chapters 
present introductory material designed to root the subject 
back into the respective disciplinary foundations as well 
as state-of-the-art results illuminating current knowledge. 
While a remote observer may be fascinated by the detail 
of understanding gained in some aspects of the treatment 
of the complex and non-uniform material called “biomass,” the experts feel that the current 
understanding of catalysis, mainly devoted to increase the functionality of feedstock molecules 
for desired chemical reactivity, is still unsuitable to efficiently deal with the transformation of 
biomass. Here, the over-functionalized bio-molecule needs de-functionalization, being in strong 
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competition with polymerization once it is activated by catalytic or stoichiometric reactions. A 
new paradigm of catalysis is needed that focuses on the selective activation of large reaction 
networks under conditions more favorable to precise kinetic control than those provided by 
present-day tools.”  
Explanation and Background 
The book emanated from a 2010 summer school held in Germany that was co-supported by the 
PIRE program led by Abhaya Datye, CBiRC, and its international partners.  Each of the 13 
chapters reflects a presentation given by an subject expert from the U.S. or Europe.  Topics 
included in the book include; plant growth for biomass production, life cycle perspective of 
biomass production, fundamentals of biomass chemistry, biomass deconstruction, analytical 
techniques for characterizing biomass conversion reactions, reaction chemistry for converting 
biomass compounds, heterogeneous and homogeneous catalysis challenges in converting 
biomass molecules, and reactor considerations for biomass reactions. 
 
Technology Transfer 
 
BioBased Foundry and Technology-Led Entrepreneurship 
Outcome/Accomplishment 
CBiRC’s innovation ecosystem has 
continued to evolve considerably over 
the last year. It now embraces a 
BioBased Foundry that supports a startup 
company mentorship program, as well as 
the Entrepreneurship Course. The course 
teaches students to think about 
innovations as funding opportunities for 
projects as well as the possibility of 
forming a startup company. The course 
focuses on demystifying the process of 
finding, founding and funding a new 
company. The Foundry takes this further by providing an Entrepreneurship Mentoring program 
for the best startup business ideas emerging from the center.  
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Impact and Benefits 
The technology-led BioBased Foundry creates a framework that is supporting the formation of 
multiple startup ideas in CBiRC. These entities have succeeded in gaining funding from 
translational research grants. For example Glucan Biorenewables has a project funded under the 
ERC Translational Research Fund as well as under the Grow Iowa Values Fund, OmegaChea, 
SusTerea and SoLysis are funded under the Iowa Innovation Green Fund (i6-Green) and 
OmegaChea gained funding from the NSF-I-Corps program and has submitted an STTR 
application.  
 
The entire Foundry program uses 
the “Business Model Canvas” as 
the template on which to build a 
startup idea. The Foundry was 
formally launched early in 2013 
with four startup companies that 
were carefully selected by a 
university committee in charge of 
the ISU Proof of Concept 
Initiative. The companies included 
Gross Renewables, AccuGrain, 
WebChemi and SusTerea 
Biorenewables. For the Foundry, each company comprised 1 student, 1 industry mentor and 1 
faculty (same model as I-Corps). All companies will complete the program by June 2013. 
 
Explanation and Background 
Importantly the Foundry interlinks CBiRC’s translational research opportunities with innovation 
partners and industry members. The innovation ecosystem stimulates a multi-faceted dialog 
around ideas, 
innovations and 
inventions in the 
Center. We visualize 
this as a kind of open-
innovation ecosystem 
contained within a 
members-only structure 
(depicted visually in 
this graphic). The ERC 
exists in the front half 
of this pipeline of opportunities. Working with its Industry Members and Startup companies, the 
Center narrows-down the focus to a subset of the most viable innovations. Sometimes (depicted 
by arrows) these come from outside, other times they are internal or flow outside or even flow 
between companies. The most advanced ideas flow to the project R&D stage and eventually 
broaden-out into the commercial realm. Sometimes there is an opportunity to incorporate early-
stage ideas into a translational research opportunity. 
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What became clear from the multi-way discussion within the ERC is that early-stage innovations 
still retain significant risk. In this form the ideas do not readily transfer to member companies 
and a different mechanism was needed. This led to the formation of the CBiRC entrepreneurship 
course which has many similarities to the NSF I-Corps program. The course acts as an idea 
incubator, nurturing early-stage startups through technology-led entrepreneurship. 
 
ThYme (Thioester-active EnzYmes): A Database of Amino Acid Sequences and Three-
dimensional Structures of Fatty Acid- and Polyketide-producing Enzymes 
 
Outcome/Accomplishment 
CBiRC researchers have constructed an open-source database that comprises 300,000 amino acid 
sequences and 1,300 three-dimensional structures of enzymes that produce fatty acids and 
polyketides. It is designed to be used by CBiRC researchers, members and by the general public. 
All eight enzyme groups (acyl-CoA synthases, acyl-CoA carboxylases, acyltransferases, ketoacyl 
synthases, ketoacyl reductases, enoyl reductases, hydroxyacyl dehydratases, and thioesterases) in 
the fatty acid/ polyketide 
synthetic cycle plus acyl 
carrier proteins have 
been organized into 
families. Families in each 
enzyme group have been 
identified by significant 
differences in amino acid 
sequences, confirmed by 
differences in three-
dimensional structures. 
This suggests that in 
most cases families in the 
same enzyme group are 
descended from different 
protein ancestors and 
have evolutionarily 
converged to catalyze the 
same reactions. 
 
Impact and Benefits 
ThYme is used by many CBiRC researchers and members at all levels to identify, obtain data, 
and study fatty acid- and polyketide-producing enzymes. It is also used by an average of 200 
individual researchers from around the world each month. CBiRC researchers have used the 
database to publish seven journal articles on thioesterases, ketoacyl synthases, acyl carrier 
proteins, acyl-CoA carboxylase domains, ketoacyl reductases, hydroxyacyl dehydratases, and 
enoyl reductases. 
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Explanation and Background 
With the advent of methods to easily and cheaply sequence whole DNA contents of all 
organisms, researchers have been overwhelmed with DNA sequences of organisms and their 
proteins, as well as amino acid sequences of thousands of enzymes that catalyze thousands of 
different reactions,. The difficulty has been in finding the human and computational resources to 
make sense of this deluge. To deal with this problem, researchers in many organizations around 
the world have constructed databases on enzymes, nucleic acids, and other organic molecules for 
the benefit of all. Specifically, enzyme databases that tabulate sequences and structures and have 
links to other databases allow researchers to find data in central locations on enzymes that are not 
easily gathered from the published literature. ThYme is a prime example of such a development. 
 
Startup Entities as Translational Research Vehicles  
Outcome/Accomplishment 
One aspect of CBiRC’s innovation ecosystem and translational 
research effort has become the formation of startup entities 
based on technologies emerging from the Center. To date four 
startup companies have formed, including: Glucan 
Biorenewables, OmegaChea, Pareto Biotechnologies and 
SusTerea Biorenweables. 
 
Each company is effectively working in different technical 
space, with a focus on different markets and segments of the 
biobased economy.  
 
Impact and Benefits 
These technology-led ventures are in the process of licensing 
discussions for IP from CBiRC with each company exploring how best to move forward with 
R&D efforts and funding. The key aspect of each of these efforts is to advance the technology 
and so it can be more easily brought to the marketplace. We expect there to be partnering 
between these startup companies and larger more established companies. We expect some of 
these alliances to form with CBiRC member companies. 
 
Explanation and Background 
What became clear from the multi-way discussion within the Center is that early-stage 
innovations still retain significant risk. In this form the ideas do not readily transfer to member 
companies and a different mechanism was needed. This led to the formation of the CBiRC 
entrepreneurship course and the BioBased Foundry, which has many similarities to the NSF I-
Corps program. The course acts as an idea incubator, nurturing early-stage startups through 
technology-led entrepreneurship. These startup companies create a vehicle for translational 
research opportunities with innovation partners and industry members. The startup companies 
become part of CBiRC’s innovation ecosystem. Working with its Industry Members and Startup 
companies, the Center narrows-down the focus to a subset of the most viable innovations. 
Sometimes there is an opportunity to incorporate early-stage ideas into a translational research 
opportunity. 
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2. Strategic Research Plan and Overall Research Program 
 
2.1 Strategic Research Plan 
 
The overarching goal of CBiRC is to create a broad-based technological framework that can 
establish the engineering and intellectual infrastructure to generate a flexible system for 
producing a large number of biorenewable chemicals.  This goal is in marked contrast to many 
efforts in biorenewable chemical development that target one chemical product at a time.  
Therefore, the 3-Plane Strategic Planning Chart for CBiRC shown in Figure 2.1 is enclosed 
within the biorenewable chemical industry as a means of demonstrating the broad-based 
technological framework that is the ultimate goal of CBiRC.  The basis for this framework is to 
exploit the fatty acid/polyketide acid biosynthetic pathway to generate an array of chemical 
intermediates that can be subsequently converted to industrial chemical products using chemical 
catalysts.  It is important to note that selection of a specific biosynthetic pathway is quite 
important as it provides a context for the biocatalysis and chemical catalysis researchers to 
interact.  As shown in the figure, CBiRC is demonstrating that the technological developments 
along the path to this broad-based framework are also creating valuable deliverables such as 
improved biocatalysts and chemicals catalysts, which is leading to technology translation 
opportunities. 
Fig. 2.1.  CBiRC 3-plane strategic planning chart. 
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To achieve the technological vision for CBiRC, a number of key technical and organizational 
barriers are being overcome: 
 The biocatalytic machinery of the polyketide/fatty acid synthesis pathway is being 
elucidated so that it can be systematically harnessed with particular emphasis on 
terminating elongation and identifying high reaction rate enzymes. 
 Microbial systems are being designed that can efficiently produce reduced carbon 
chemical species by achieving high yields and toxicity tolerance. 
 Chemical catalysts are being designed that can selectively convert multifunctional 
substrates in the condensed phase. 
 The ability to develop synergistically biocatalysts and chemical catalysts is 
beginning to be demonstrated. 
 Impurity and separation issues for combined biocatalyst/chemical catalyst systems 
are being examined. 
 The economic and environmental sustainability of the combined 
biocatalyst/chemical catalyst systems are being evaluated. 
Three research thrusts areas are used to organize efforts to address the key technical barriers.  
These thrusts areas are 1) new biocatalysts for pathway engineering, 2) microbial metabolic 
engineering, and 3) chemical catalyst design.  Since the creation of a sustainable chemical 
industry is an objective of the center, life cycle assessment research, including techno-economic 
evaluation, is being performed to validate the sustainability of the developed 
biocatalyst/chemical catalyst systems.  Each of these research thrust areas have key technical 
goals that will need to be achieved within the individual thrust.  Additionally, testbeds are 
established that will require the technological advancements from the three thrusts to be 
integrated.  These testbeds will be used to validate CBiRC’s ability to integrate across 
biocatalysts and chemical catalysts, thereby addressing a key technical and organizational barrier 
for the center.   
We have three active testbeds; a) the carboxylic acids testbed, b) the pyrones testbed, and 3) 
the bifunctionals testbed.  In addition to the testbeds, we have a discovery “engine” component 
in CBiRC, which is used to establish the basis for future testbeds building off our framework 
technology.  While we have Thrust Leader and Co-Leaders managing projects within the thrusts, 
we have established testbed champions to oversee the cross-thrust activities for given testbeds.  
The management structure is shown in Figure 2.2. The project numbers in the figure correspond 
to those given in Section 2.2 (Research Program by Thrust) below. 
The testbeds are being evaluated through an iterative process illustrated below that integrates 
the three thrust areas by setting development targets.  The initial iteration provides an 
approximate techno-economic analysis. In successive iterations, the level of detail increases, and 
life-cycle energy and environmental considerations are increasingly incorporated.   
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The critical milestone chart the first five years of CBiRC can be seen in previous annual 
reports and had the following critical milestones:  
1. Identify an acyl-ACP thioesterase (TE) that can “stop” the fatty acid biosynthetic machinery 
early in the elongation cycles (fundamental plane). Achieved in Year 3. 
2. Develop a microbial system for producing medium chain length fatty acids using Escherichia 
coli and Saccharomyces cerevisiae (technology plane). Achieved in Year 3 for E. coli. 
3. A novel fattyacid/polyketide biosynthetic biocatalyst, rationally selected from the work in 
Thrust 1, will be engineered into a microbial host system (fundamental\technology plane). 
Achieved in Year 3. 
4. A new polyketide biosynthetic pathway in a microbial host system will be optimized and 
demonstrated (technology plane). Achieved in Year 4 with pyrone synthase in S. cerevisiae. 
5. A chemical catalyst system that selectively converts a pyrone molecule will be demonstrated 
(technology plane). Achieved in Year 3 
6. A new polyketide-derived pyrone molecule platform chemical will be synthesized in a 
microbial host system and the resulting chemical will be converted to final products using a 
chemical catalyst (systems level plane). Achieved in Year 5. 
7. A novel chemical catalyst that selectively decarboxylates fatty acids will be demonstrated 
(technology plane). Achieved in Year 2 with a homogeneous catalysts, still looking for 
economical heterogeneous catalyst. 
8. The glucose dehydration catalyst technology will be transferred to an innovation/industrial 
partner (technology plane).  Achieved in Year 4 with the establishment of Glucan 
Biorenewables startup. 
Fig. 2.2. Current strategic research plan matrix. 
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In Years 6-8, CBiRC will focus on fully developing the technology associated with the 
carboxylic acid and pyrone testbeds and translating that technology to our industrial and 
innovation partners.  CBiRC is also developing the bifunctionals testbed as the production of α, 
ω-functionalized molecules with different carbon number has been strongly endorsed by our 
IAB.  Moving forward we are increasing our focus on diversifying the chemical products 
through manipulation of the fatty acid/polyketide metabolic platform with subsequent chemical 
catalyst conversion.  The bifunctionals testbed is our first target for this diversification.  Shown 
in the chart below are the high-level activities and expected deliverables for Years 6 through 10. 
 
Milestone Chart, Years 6-10. 
 Year 6 Year 7 Year 8 Year 9 Year 10 
T1: Product diversification      
T2: Microbial host development      
T1/T2: Incorporation of new pathways 
into microbial hosts 
     
T3: Chemical catalyst development for 
polyketide-based intermediates 
     
T1/T2/T3: Integrated conversion process 
for first chemical product 
     
T1/T2/T3: Generalized framework 
established 
     
 
 
1. Identify target compounds that can readily be produced by manipulating the fatty acid biosynthetic machinery 
(fundamental plane). 
2. Develop a more efficient experimental algorithm for rapid microbial host development through integration of 
omics experiments, flux analysis, and bioinformatics with strain constructions (fundamental plane). 
3. Develop a general translation methodology for taking the novel polyketide biosynthetic biocatalysts discovered 
and/or developed by Thrust 1 into our microbial host systems (technology plane). 
4. Develop generalized criteria for the types of intermediate products that can be efficiently converted with 
chemical catalysts to help guide biocatalyst targets (technology plane). 
5. Translate first integrated biocatalyst/chemical catalysis conversion process to an innovation partner (systems 
level plane). 
6. A generalized framework with design rules is established for combining intermediate chemicals produced 
through the fatty acid/polyketide biosynthetic pathway with chemical catalyst conversion to final products 
(systems level plane). 
 
Strategic Testbeds: As CBiRC matures, we have seen the importance of being very strategic in 
our selection of testbeds, so as not to dilute our resources too much.  Therefore, our testbeds are 
chosen to achieve specific strategic objectives.  These strategic objectives are discussed for each 
testbed below. 
Carboxylic Acids - 
1. Demonstrate biocatalyst diversification by identifying thioesterases that can terminate the 
elongation process and can make peaked carbon number carboxylic acids, so that 
designer carboxylic acids can be synthesized (see Figure 2.3). 
2. Demonstrate that high rates and yields can be achieved through the fatty acid pathway. 
1
2
3
5
4
=  deliverables  
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3. With α-olefins as a target product, set challenging economic hurdle to force optimal 
integration of biocatalysis and chemical catalysis processes. 
4. Explore product diversification by analyzing the potential for fatty alcohols. 
 
Pyrones - 
1. Demonstrate chemical catalyst diversification resulting from having a unique 
intermediate chemical species (see Figure 2.4). 
2. Demonstrate that high rates and yields can be achieved through a polyketide pathway. 
 
 
Bifunctionals - 
1. Demonstrate that both biocatalyst and chemical catalyst diversification can be achieved 
in a single testbed. 
2. Demonstrate the ability to make designed α, ω-functionalized molecules that are highly 
desirable monomers. 
3. Explore alternative metabolic pathways for same target – “standard” fatty acid ACP 
pathway, CoASH derivatives pathway, and reverse β-oxidation pathway. 
4. Demonstrate selective oxidation catalysis. 
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Discovery “Engine” - 
1. Support the innovation engine that will drive generation of successive testbeds and/or 
chemical products, which will be required for sustaining CBiRC into the future. 
2. Develop that intellectual underpinnings required to transform the chemical industry for 
the production of biorenewable chemicals. 
 
CBiRC Research Projects 
 
All projects in the Center, regardless of source of support, are listed by research thrust or 
support area in Table 2.  The specifics of each of these projects are discussed in Section 2.3 
(Research Program by Thrust) and the “Project Summaries” section of Volume II. 
 
 
 
 
12.1%
3.0%
3.0%
42.4%
6.1%
3.0%
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Figure 2a: Research Project Investigators by Discipline
Biochemistry and biophysics ‐ 12.1%
Bioengineering and biomedical engineering ‐ 3.0%
Biology, general ‐ 3.0%
Chemical engineering ‐ 42.4%
Chemistry ‐ 6.1%
Electrical, electronics, communications engineering ‐ 3.0%
Environmental engineering ‐ 3.0%
Genetics, animal and plant ‐ 9.1%
Microbiology ‐ 3.0%
Other fields (Not Listed) ‐ 12.1%
Physics ‐ 3.0%
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Research Thrust 3 - Chemical Catalyst Design
(Robert J. Davis)
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2.2 Translational Research 
 
Over the last several years, CBiRC has received more than $740K of additional (sponsored 
and associated project) funding with eight translational research projects (see Table below). 
Three projects are with NSF, including one under the ERC Translational Research Fund (10-
617), one under the Small Business ERC Collaborative Opportunity (12-543), and one project 
now completed under the NSF I-Corps program (11-560).  Two projects are funded under the 
Iowa Board of Regents’ Grow Iowa Values Fund (GIVF), and three projects are funded under 
the US Department of Commerce Innovation Green Fund (i6 GREEN). These projects all 
involve a partnership with startup entities associated with CBiRC.  
In addition, CBiRC submitted two proposals that are currently pending. One is pending with 
a startup under the NSF-STTR program (12-592), and another is pending with a startup in 
partnership with a CBiRC member large entity under the NSF PFI AIR Research Alliance (12-
571).  
 
Table: Technology Research Partners in CBiRC 
Translational 
Research Partner 
Firm 
Project Title 
Funding 
Level 
Funding 
Sources 
Technology Holding, 
LLC 
SECO: Small Business ERC Collaborative Opportunity 
to Develop a Biomass Conversion to Fatty Acids 
Platform 
$121,022 NSF SECO 
(12-543) 
Ceramatec Lignocellulosic biomass to infrastructure-compatible 
renewable diesel, biolubricants, animal feed, biopower. 
$600,000 USDA-ARS 
SusTerea 
Biorenewables, LLC 
Proof of Concept Initiative: Biobased Production of 
Terephthalic Acid 
$100,000 US DOC ( i6 
GREEN) 
Nidus Partners/Focus 
First and Glucan 
Biorenewables, LLC 
Grow Iowa Values Fund: Furanics-based Biorenewable 
Chemicals 
$73,000 IA Board of 
Regents 
(GIVF) 
Nidus Partners/Focus 
First and Glucan 
Biorenewables, LLC 
Grow Iowa Values Fund: Catalytic Conversion Platform 
for Furan Derivatives 
$100,000 IA Board of 
Regents 
(GIVF) 
 
SoLysis SoLysis: A start-up focused on novel biocatalysts for 
the production platforms of diverse fatty acid products 
$50,000 US DOC ( i6 
GREEN) 
OmegaChea 
Biorenewables, LLC 
Characterization of biocatalysts for novel production 
platforms for diverse bi-functional precursors of 
polymers and surfactants 
$50,000 US DOC ( i6 
GREEN) 
OmegaChea 
Biorenewables, LLC 
I-Corps: Novel Bio-Based Chemical Feedstocks for the 
Polymer Industry 
$50,000 NSF I-Corps 
(11-560) 
Glucan 
Biorenewables, LLC 
ERC – Small Business: Commercialization of furanic-
based 7iorenewable chemicals 
$200,000 NSF (10-617)
TOTAL Sum of All Projects $1,344,022 TOTAL 
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Future Translational Research Opportunities with Member Companies  
In the future we plan to focus on translational research projects that have been identified as a 
common or of generalizable interest by the member companies. One idea to facilitate this is 
contained within the IAB SWOT analysis, where it was suggested that a portion of the annual 
membership funding be used to fund 2-3 seed projects that has general support from the industry 
members. Three dimensions of activities have the potential to be developed within CBiRC’s 
translational research opportunities. These include: (i) Thrust Research; (ii) Testbed Research; 
and (iii) Components and Tools Research. 
At the May CBiRC meeting we discussed the idea of using a pool of membership funds to 
sponsor seed research projects that would be directed by the IAB. Since this is funded from core-
funds any knowhow or technology that emerges will fall under CBiRC’s general guidelines. At 
that meeting the IAB identified topic areas in each Thrust. In general terms the topic areas are 
summarized below: 
 Thrust 1:  (i) Enzymatic control of specific functionality (e.g., double bond location); (ii) 
Harvest intermediates of fatty acids (β-keto, β-amino acids) 
 Thrust 2:  (i) Predictive modeling/bioinformatics analyses in relation to optimized 
fermentation (strain plus operating conditions); (ii) Prediction of stress induced genetic 
modification given a stressor.; 
 Thrust 3:  (i) Precious metal and other metals on hydrothermally stable supports (affects, 
reactivity; (ii) Impact of amino acids and fermentation broth impurities on metal and acid 
catalysts 
In response to this IAB-led process we sent-out a request for proposals to CBiRC’s faculty. In 
response to the request a pool of projects was created with formal proposals from faculty being 
submitted for selection by the IAB. For voting purposes we created a Doodle Poll with hidden 
answers to conceal with company votes between companies. In accordance with the IAB bylaws 
of one vote per company, one person voted per company. We left it for each company to decide 
on its internal process of how and who will vote for the company. In each of the proposed 5 
projects we created 3 choices in the Doodle Poll (“Yes”, “Maybe” or “No”). We translated a Yes 
vote into 2 points, Maybe into 1 point, and No into 0 points. The Doodle Poll was completed 
Monday September 24, 2012 with 27 companies taking part in the process. In October at the IAB 
Working meeting we reached a clear consensus on the outcome. In summary the top project from 
each Thrust was funded with $50,000 for 1 year with the potential for a second year also from 
IAB membership funds.  The outcome of the IAB seed project process was communicated back 
to CBiRC faculty in November and funding began in 2013. We expect to communicate all 
developments back to the IAB at the May and October meetings and continue this process in 
future years. 
 
Table: Top “IAB Seed Projects” Selected by IAB for $50k Funding: 
Thrust  Project Title Faculty
Thrust 1  Combinatorial Integration of Novel Biocatalysts that Intercept Fatty 
Acid Synthase to form Innovative Bi-functional Carboxylic Acids.
Nikolau / Nelson (Iowa)
Thrust 2  Functional Genomics Profiling of the Oleaginous Yeast Stress 
Response. 
Sandmeyer (California)
Thrust 3  High Throughput Facility for Reaction Kinetics Measurements in the 
Development of Amino-Acid Tolerant Heterogeneous Catalysts.
Dumesic (Wisconsin)
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2.3 Research Program (by Thrust) 
 
Thrust 1 - New Biocatalysts for Pathway Engineering 
 
Faculty Participants 
 
Position Title Name Department Institution 
Thrust Leader Joseph P. Noel Jack H. Skirball 
Center for Chemical 
Biology and 
Proteomics 
Salk Institute for 
Biological Studies & 
Howard Hughes 
Medical Institute 
Thrust Co-Leader Basil J. Nikolau Biochemistry, 
Biophysics, and 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Adam Barb Biochemistry, 
Biophysics, and 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Thomas A. Bobik Biochemistry, 
Biophysics, and 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Eran Pichersky Molecular, Cellular, 
and Development 
Biology 
University of 
Michigan 
Faculty Investigator Peter J. Reilly Chemical and 
Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Eve Wurtele Genetics, 
Development and Cell 
Biology 
Iowa State 
University 
Project Leader Marna D. Yandeau-
Nelson 
Biochemistry, 
Biophysics, and 
Molecular Biology 
Iowa State 
University 
 
Role of Thrust 1 in CBiRC 
 
A key objective for CBiRC is to engineer a highly flexible platform for the production of 
commodity chemical intermediates from biological precursors.  This will be done through the 
integrated efforts of three Thrusts.  Thrust 1 is comprised of biochemists that will generate new 
biological catalysts that can be used to produce short chained fatty acids, bifunctional fatty acids 
and simple polyketides, and biosynthetically-derived derivatives of all three.  Thrust 2 is a group 
of biochemical engineers that will genetically modify E. coli and the yeast, Saccharomyces 
cerevisiae, into highly efficient biosynthetic platforms for producing these chemicals with 
minimal energy input and maximal yield.  Thrust 3 is composed of specialists in chemical 
catalysis that will devise the chemical catalysts needed to convert these bioproducts into 
industrial feedstocks and end products. 
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Since the role of CBiRC is to produce biologically-derived chemicals that act as precursors 
for a broad range of chemical feedstocks, we have focused on one of the most biochemically 
flexible and diverse pathways for modification, the fatty acid (FAS)/polyketide (PKS) synthase 
system. 
The FAS system builds fatty acids by the sequential addition of two carbon acetate units.  
The acetate units are activated by forming thioesters on the cofactors coenzyme A (CoASH) or 
the acyl carrier protein (ACP).  The acetyl-ACP is energized to drive the synthesis of the fatty 
acid by the transient attachment of bicarbonate to form malonyl-ACP in a reaction catalyzed by 
acetyl-CoA carboxylase (ACC).  The condensation of these activated acetates is catalyzed by 
3-ketoacyl synthetase III (KAS III).  The four carbon 3-ketoacyl-ACP is then reduced, 
dehydrated, and reduced to form acetoacetyl-ACP.   The reaction cycle continues with malonyl-
ACP providing additional activated acetate units and other isoforms of KAS catalyzing the 
condensation reaction.  The natural product of the major FAS systems in most organisms is 
either a 16 or 18 carbon acyl-ACP that is then released as an even numbered, straight chain fatty 
acid by an acyl-ACP thioesterase (TE).  One of the the overall objectives of Thrust 1 is to modify 
the enzymes involved in this process in order to create a group of biocatalysts that can be used to 
synthesize unique intermediates from the FAS system.  The goal is to produce fatty acids that 
are: 1) short chained; 2) even or odd numbered; 3) straight chained or branched; 4) may contain 
keto or hydroxyl functional groups, and 5) are saturated or unsaturated. 
KAS III catalyzes the first condensation reaction where a primer molecule, acetyl-CoA 
reacts with an extender molecule, malonyl-ACP to form 3-ketobutyryl-ACP.  Subsequence 
condensation reactions are not shown but are catalyzed by KAS I and KAS II.  TE hydrolyzes 
the release of the fatty acid from ACP.  One of the projects in this Thrust seeks to expand the 
substrate specificity of TE, so that it is capable of releasing the other acyl-ACP intermediates of 
the pathway and of releasing fatty acids 6 or 8 carbons long.  Methylketone synthase is capable 
of hydrolyzing the 3-ketoacyl-ACP intermediate with concomitant decarboxylation.  An 
additional project is working to alter the FAS system to work with the CoASH cofactor instead 
of ACP.  Another group is trying to diversify the products by altering the range of starter 
molecules, changing from just acetyl-CoA to include propionyl-CoA and isobutyryl-CoA, by 
using altered acyl-CoA synthetases and ACCs. 
During the last several years, following extensive interactions between Thrusts 1, 2 and 3, 
CBiRC scientists developed the 2-pyrone testbed that fully integrates Thrusts 1, 2 and 3.  The 
emphasis on these chemicals derived from existing expertise within the thrusts and the 
realization of the potential of this chemistry for forming important commodity chemicals.  2-
Pyrone is formed from acetyl-CoA and malonyl-CoA by the action of a unique polyketide 
synthase called 2-pyrone synthase (2-PS).  2-PS is closely related to the KAS enzymes, uses the 
same substrates and is one member of an extremely diverse family of plant and bacterial type III 
polyketide synthases (PKSs) capable of forming a large diversity of small, intermediate and large 
polyketide products with one or more chemical functional groups amenable to downstream 
chemical processing. 
In order to facilitate this testbed, new efforts were focused on studying the basic 
enzymology and protein lifetime and stability of 2-PS (Thrust 1), over expressing this protein in 
yeast (Thrust 2), and developing new chemistries to convert this 2-pyrone into important 
chemicals (Thrust 3).  These efforts that are maturing are summarized in detail below along with 
the other projects in this Thrust. Moreover, this testbed is leading to the expansion of type III 
PKS enzymology to include starter molecules carrying a second chemical moiety capable of 
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further downstream processing by Thrust 3. The choice of starter molecules is driven by the 
ability to engineer a new starter molecule specificity into the type III PKS enzyme scaffold, the 
ready availability of the CoA-linked starter in yeast (Thrust 2) and the chemistry available in 
Thrust 3 to convert a new feedstock in a value-added chemical commodity. This emergent 
project is fully integrating the collective expertise of all three Thrusts to choose the appropriate 
starter molecules, ie. carboxyl-bearing CoA-linked thioesters such as succinyl-CoA for 
development of a new testbed built on the success to date with the pyrone testbed. Finally, in 
response to the critique from last year's site visit, Thrust 1 is developing a wholly new 
computational tool set based upon maximum entropy methods used by computational 
neurobiologists to draw correlations between multiple inputs and outputs with minimal noise. 
Finally, the methylketone project has reach maturity and will be terminated this year as the 
project transitions to a discovery testbed focused on the discovery of biocatalysts involved in the 
biosynthesis of unusual plant-derived dione containing molecules amenable to metabolic 
engineering (Thrust 2) and chemical elaboration (Thrust 3). 
 
Research Methodology 
 
All of these projects have very similar objectives and therefore use similar methodologies.  
For each of these key biocatalysts, Thrust 1 researchers are working to establish enzymes with 
unique catalytic capabilities that encompass both predictable substrate specificities and turnover 
numbers.  These enzymes are sought in two ways.  They are either found from known sequences 
located in the genome databases or they are engineered (or selected) by modifying existing 
enzymes in order to obtain mutant proteins with the preferred enzymic traits. 
 
 
 
  
Project Goal/Scope Investigators 
Acyl-ACP 
thioesterases 
Biocatalysts for terminating FAS/PKS 
system at 6-8 carbon chain lengths 
Nikolau*; Reilly; Noel 
Methylketone 
Synthase/Thioesterase  
Development of Methylketone Synthase 
Enzyme Adapted for Production of Short-
Chain Methylketones 
Pichersky*; Noel 
Ketoacyl-ACP 
synthase 
Characterization of Novel Biocatalysts 
for Diversifying FAS/PKS Metabolic 
Pathways 
Noel*; Nikolau; Reilly, 
Pichersky 
Acetoacetyl-CoA Biocatalysts for switching FAS/PKS 
system to a CoA track 
Bobik* 
Acetyl-
CoA/Propionyl-CoA 
Synthetase 
Biocatalysts for Diversifying Precursor 
Pools for FAS/PKS Synthesis 
Oliver*; Reilly; 
Nikolau* 
Acyl-CoA 
carboxylases 
Biocatalysts for diversifying precursor  Nikolau*; Reilly 
Acyl-CoA 
Carboxylases 
Biocatalysts for Diversifying Precursor 
Pools for FAS/PKS Systems 
Nikolau*; Reilly 
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Summary of Research Accomplishments 
T1.1 – 3-Ketoacyl-ACP Synthase:  Characterization of Novel Biocatalysts 
for Diversifying FAS/PKS Metabolic Pathways 
The overarching goal of this project is to identify and characterize novel biocatalysts from 
plant and microbial polyketide synthase (PKS) systems for the purpose of diversifying the 
malonyl-CoA pools of E. coli and the yeast Saccharomyces cerevisiae. This project targets 
biocatalysts that will expand substrates used in the carbon-carbon and carbon-oxygen bond 
forming reactions of fatty acid and polyketide biosynthetic cycles. Specifically, we focus on (1) 
the 3-ketoacyl-ACP synthase III (KAS III) family of condensing enzymes and (2) the 
evolutionarily related type III PKSs commonly found in plants. The objective of project goal 1 is 
to clone, express, biochemically characterize, and when successful, crystallize and solve the 
atomic resolution 3D structures of orthologs of KAS IIIs from hosts with unconventional 
substrate selection (acetyl-CoA being conventional), to create new metabolic intermediates. The 
objective of project goal 2 is to create a platform to evaluate structure-based mutant libraries of 
Gerbera hybrida 2-pyrone synthase (2-PS) and evolutionarily related plant type III polyketide 
synthases (PKS IIIs) such as chalcone, stilbene, orcinol and bibenzyl synthases that employ one 
molecule of acetyl-CoA and two molecules of malonyl-CoA to biosynthesize 6-methyl-4-
hydroxy-2-pyrone (2-PY), one of our lead test beds, or orcinol (5-methylbenzene-1,3-diol), a 
developing test bed. Given our atomic resolution structural knowledge of 2-PS and related type 
IIIs, we will create mutant libraries centered on the active site (focused) and random libraries 
spread throughout the protein to uncover catalytically more efficient enzymes for 2-PY 
production. A second objective is to employ rationally designed fusion proteins of type III PKSs 
with the anabolic thiolases to create a localized pool of Acetoacetyl-CoA to bypass the need for 
at least one malonyl-CoA. 
Using a combination of atomic resolution protein x-ray crystallography, site-directed and 
combinatorial mutagenesis and high-throughput in vitro biochemistry, we will rationally 
modulate the efficiency and specificity of all project goal targets for the production of short-
chain keto-containing products for downstream processing or as test bed end products. By the 
end of Year 6, our goal is to engineer at least one additional biocatalysts that efficiently accepts 
an alternative starter unit (Thrust 1) and produces a reactive intermediate or end product in a 
microbial fermentation system (Thrust 2) that, upon scale-up and isolation, is delivered to Thrust 
3 for large-scale chemical processing. 
A diverse collection of KASIII enzymes occurs in different biological systems that utilize 
different acyl-CoA substrates in this reaction. These ultimately add functionalities at the omega-
end of the fatty acid products. The goal of this project is two-fold: 1) Find and characterize the 
molecular details of the nature of these KASIII orthologs that display different substrate 
specificities; and 2) based on the understanding of the design principle of these KASIII enzymes, 
create by mutagenesis novel KASIII orthologs that display distinct substrate specificities. 
The atomic resolution crystal structures of several type III PKSs including the G. hybrida 
2-PS with substrates and intermediates bound have been solved. The structures along with their 
quantitative biochemical characterization affords an atomic resolution map to greatly expand our 
mutant libraries of 2-PS to alter starter molecule loading from acetyl-CoA to other CoA-linked 
starters including succinyl-CoA. This will diverse the output of the enzyme affording ready 
access to succinyl-CoA pools in Thrust 2 and bifunctional pyrones for use in Thrust 3. 
This engineering approach is being supplemented by a new computational tool set 
developed in the Noel lab that makes use of Minimal Models of Multidimensional Computations. 
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In short, we maximize the noise entropy of the system (mutations linked to a quantitative change 
in a biochemical activity) subject to constraints on the input/output moments, resulting in the 
response function that agrees with our limited knowledge and is maximally uncommitted toward 
everything else. Preliminary use of these computational tools has allowed us to detect co-varying 
relationships between amino acid positions and increases in catalytic activity and reactant 
specificity. 
During the past year we have achieved the following objectives. Our NMR study to 
determine the effect of specific mutations on KASIII substrate specificity was extended to B. 
subtilis KASIIIb. Similar to the first experiment described in the achievements of 2012-13, 
single mutants were created for B. subtilis KASIIIb (W221V and V226L) and a double mutant 
(W221V_V226L) was also constructed to resemble the situation in the E. coli KASIII at those 
two sites. The effect of these mutations on the substrate specificity of B. subtilis KASIIIb was 
examined using STD NMR experiments, and results were compared with those of E. coli KASIII 
and B. subtilis KASIIIa. Competition binding experiments were performed to reveal relative 
affinities of ligands to KASIII enzymes, wherein concentration of acetyl CoA was kept constant 
and isobutyryl CoA was titrated at increasing concentrations to see if it replaces the former 
ligand.  
In addition to the seven KASIII genes cloned and purified in last year, we cloned eleven 
KASIII genes from a total of thirty genes that were synthesized previously (one KASIII gene 
from Thermus aquaticus, three for Capnocytophaga gingivalis, one from Nocardiopsis 
dassonvellei, two from Brevibacterium linens, three from Myxococcus Xanthus, one from 
Methylosinus trichosporium). Out of these eleven cloned genes, we successfully purified five 
KASIII proteins (three from Capnocytophaga gingivalis, two from Brevibacterium linens, one 
from Methylosinus trichosporium). Simultaneously, eleven KASIII genes were characterized in 
vivo using a B. subtilis FabH deletion mutant. Finally, we explored the commercial potential of 
KASIII technology to make bi-functional fatty acids, and developed a business model as a part of 
the NSF I-Corps Award.  
In terms of type III PKS work, we cloned the first plant orcinol synthase (OS) (plant type 
III PKS) from the flowers of apricot trees.  Apricot OS like 2-PS, employs acetyl-CoA for chain 
initiation and malonyl-CoA but terminates chain extension through a carbon-carbon bond 
forming Claisen condensation. Significantly, we identified several sets of surface exposed and 
partially exposed Cys residues in 2-PS that when mutated to Ser or Ala resulted in enhanced 
stability of 2-PS during fermentation in yeast and a concomitant substantial increase in pyrone 
production. In relation to the 2-PS active site, we identified additional active site residues in 2-PS 
that further restrict active site volume and increase specificity for pyrone biosynthesis. 
Computationally, we have begun the implementation of a first principles based 
computational tool borrowed from computational neurobiology to quantitatively link specific 
sets of mutants at single sites, pairs, triplet or high order sets that significantly modulate catalytic 
activity and/or reactant specificity in a synergistic manner. 
We initiated further structure-function analysis of Biphenyl Synthase (BIS) from apple, 
another type III PKS with favorable substrate and product specificities. BIS is a homolog of 2-
PS. Both BIS and 2-PS can use benzoyl-CoA as substrate; albeit benzoyl-CoA is an undesirable 
activity for 2-PS. We characterized the kinetics of BIS as a foundation for rational engineering to 
eliminate, or at least temper, benzoyl-CoA binding out of 2-PS and convert a BIS into a 
functional 2-PS. Moreover, we have a 1.1 Å structure of BIS bound to a variety of substrate, 
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intermediate and product analogs providing us with the best structural model to date for any type 
III PKS. 
 
T1.2 – Acetoacetyl-COA:  Use of Escherichia coli for the production of molecules functionalized 
for chemical synthesis 
This project is working to develop an experimental system for short chain fatty acid 
synthesis that will use CoASH derivatives instead of ACP derivatives with the expectation that 
this system will me more flexible and metabolically robust than one using ACP.  E. coli has been 
engineered to produce significant amounts of butyrate, hexanoate and octanoate (3.7, 0.1 and 
0.03 g/L, respectively) by fermentation of glucose. The Bobik group cloned, expressed and 
purified enzymes that convert acetyl-CoA to butyryl-CoA. These include acetoacetyl-CoA 
synthase, acetoacetyl-CoA reductase and crotonase from Clostridium as well as crotonyl-CoA 
reductase (CCR) was from Euglena. The Euglena CCR is an NADH-dependent enzyme and is 
expected to give better results than enzymes that use EtfAB as electron acceptor. The purified 
enzymes all had turnover numbers ≥ 73 sec-1. These activities are suitable for a commercial 
process where turnover numbers of about 5-10 sec-1 are the minimal requirement. They have 
shown that this operon produces enzymes in an active soluble form in E. coli. All four enzymes 
have an activity >1.6 μmole/min/mg in crude extracts. This corresponds to a maximum 
theoretical rate of 16 g/L/h butyrate formation under industrial conditions (2-4 g/L/h is a good 
target). 
They introduced the synthetic butyrate operon into an E. coli strain that has all the native 
fermentation pathways eliminated by genetic deletion including adhE, ldhA, pta-ack and frdBC 
mutants. This mutant metabolizes glucose to acetyl-CoA and formate with the latter compound 
being converted to H2 + CO2. Due to the presence of the synthetic butyrate operon, acetyl-CoA 
is converted to short chain carboxylic acids. The strain containing the synthetic operon initially 
produced about 0.3 g/L butyrate and 0.008 g/L hexanoate. After some optimization it produced 
about 3.7 g/L butyrate, 0.1g /L hexanaoate and 0.03 g/L octanoate, about a 12-fold increase in 
the case of butyrate.  In contrast, the strain with the empty vector did not produce detectable 
amounts butyrate, hexanoate or octanoate. During the production of butyrate and hexanoate 
about 5.4 g/L glucose was consumed. Thus, butyrate was produced at about 80% theoretical 
yield. 
In other studies, E. coli was engineered to co-produce high amounts of acetaldehyde and 
hydrogen in good yield. The specific acetaldehyde production rate of 0.68 ± 0.20 g h-1 g-1 dry 
cell weight and at 86% of the maximum theoretical yield. This specific production rate is the 
highest reported thus far and is promising for industrial application. In addition, other CBiRC 
personnel are conducting feasibility studies on upgrading acetaldehyde to longer chain organic 
chemicals. 
Recently, the Bobik group began work on the use of thioesterases for increasing the yield 
and specificity of short chain carboxylic acid production by fermentation.  The synthetic operon 
which was expressed in E. coli (produces enzymes A-D in figure 1) did not include enzymes for 
removal of CoA from butyryl-CoA. In the future, Bobik plans to express these genes and look 
for increased product formation. 
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T1.3 – Acetyl-CoA/Propionyl-CoA Synthetase: Biocatalysts for Diversifying Precursor Pools for 
FAS/PKS Synthesis 
The specific goal of this project is to develop biocatalysts (enzymes and enzyme systems) 
that can provide novel acyl-CoA precursors for the fatty acid synthase (FAS)/polyketide 
synthesis (PKS) system. This project began by developing a modified acetyl-CoA synthetase that 
can be used for several purposes.  Over the intermediate term, It will allow us to develop 
enzymology capabilities needed to work with this family of proteins.  It will also provide a 
reagent for Thrust II that will allow them to modify E. coli to increase its capacity to use acetate 
as a substrate.  This will be an important organism for the Center’s long-term vision in that it will 
allow for the experimental modification of the rate of acetyl-CoA production and thus evaluate 
the effect of altering metabolite flux in the middle of the pathway.  Our longer term goals are to 
develop acyl-CoA synthetases that will provide propionyl-CoA and branched chain CoAs as 
precursors. 
During the past year, circular dichroism was implemented to be used to investigate 
differences in folding between acyl-CoA synthetases with different substrate specificities as well 
as the effects of point mutations on the overall fold of the Arabidopsis ACS. Spectra are 
generated by a Jasco J-700 spectropolarimeter and are capable of providing estimations of the α-
helix, β-sheet, and random coil content in a folded protein. In addition, to further analyze and 
confirm the enzymatic rates of the Arabidopsis ACS WT and mutated forms, along with 
investigating the rates and substrate specificities of the bacterial acyl-CoA synthetases, the 
Nikolau group developed a colorimetric plate based assay for determining substrate specific 
activities. Using this method they can analyze as many as 96 samples at a time irrespective of the 
enzyme or substrate. 
 
T1.4 – Acyl-CoA Carboxylases:  Biocatalysts for Diversifying Precursor Pools for FAS/PKS 
Systems 
The goal of this project is to develop acyl-CoA carboxylases (ACCase) that can activate 
diverse acyl-CoA molecules to produce novel substrates for 3-ketoacyl-ACP synthases or other 
KS components of polyketide synthases (e.g., pyrone synthase). ACC is composed of four 
different subunits: biotin carboxylase (BC), biotin carboxylase carrier protein (BCCP1 and 
BCCP2), and carboxy transferase (CTα and CTβ).  
The BCCP1 and BCCP2 proteins were subjected to nuclear magnetic resonance 
spectroscopy. The 2-Dimensional Hetero-nuclear single quantum coherence spectroscopy was 
performed. Later 3-Dimensional NMR experiments were carried out to get different spectra, 
which were further used to predict the structure of BCCP1. Initial data shows the peaks which 
are part of 2-D HSQC are from the C-terminus of the BCCP1. High-throughput X-ray 
crystallography experiments were performed on Biotin Carboxylase enzyme (HWI, New York). 
The optimal conditions and reagent composition required for the growth of the crystals were 
obtained. The same experiments have to be repeated at Iowa State University using hanging drop 
vapour diffusion method. Analytical Ultracentrifugation indicates that both BCCP isoforms 
prefer a dimer state but they also complex into larger oligomers. Moreover, ion mobility mass-
spectroscopy of both BCCP isoforms across many charge states. Both BCCP1 and BCCP2 
appear mainly as monomers with a slight hint of a dimer within the BCCP2 spectrum. 
In addition to acetyl-CoA carboxylase, 3-methylcrotonyl-CoA carboxylase (MCCase) is being 
studied. This enzyme catalyzes the carboxylation of 2-methylcrotonyl-CoA to form 
3-methylglutaconyl-CoA and contains only two subunits, an MCCA which contains both BC and 
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BCCP domains, and MCCB, which contains a functional CT domain. In Arabidopsis thaliana MCCA 
exists as both a long and a short isoform, generated by alternative splicing of mcca mRNA. 
Computational modeling of both MCCA isoforms suggests that both may fold into potentially active 
enzymes, with the difference between the two being an alpha-helix distal to the active site. It is 
unclear, however, whether the presence or lack of this helix has an effect on protein-protein 
interactions, which could affect activity. By understanding the diversity within and between ACCase 
and MCCase, it may be possible to understand the biochemical control of substrate specificity at the 
CT active site. 
 
T1.5 – Methylketone Synthase/Thioesterase:  Development of Methylketone Synthase Enzyme 
Adapted for Production of Short-Chain Methylketones 
Methylketone synthases are of interest because they can cleave 3-ketoacyl-ACP 
intermediates and, following decarboxylation, release the odd numbered methylketone.  This 
activity requires two enzymes; MKS2 is the thioesterase and MKS1 is the decarboxylase.  The 
goal of this thrust is to provide a high activity form of this enzyme that preferentially releases 
short chained methylketones. Given prior progress on this project and the translation of the work 
to industry, work on this particular project will cease going forward. 
The lack of structural information on MKS2 is hampering work on in vitro mutagenesis. 
While having obtained several mutants so far based on some structural predictions (from 
comparisons with other related proteins), but they have not yet yielded enzymes capable of 
hydrolyzing shorter precursors. 
MKS2 proteins are widely distributed in the plant kingdom and produce methylketones 
when expressed in E. coli. Heterologous expression of some of these MKSs produces shorter 
methylketones. Notably, each thusly obtained MKS2 produces a varying range of methylketones 
and lengths suggesting future engineering efforts should yield a collection of valuable mutant 
MKS2s. For instance, a tomato MKS2 and a Arabidopsis MKS2 produce predominantly C7 and 
C9 methylketones, with considerably lower quantities of the longer change methyketones.  
Additional MKS2 homologs from additional plant species, including momocots (rice, corn) 
and a gymnosperm (Sitka spruce) were identified, cloned and expressed. Upon assaying, they too 
produce methylketones when expressed in E. coli. Two tomato MKS2 cDNAs were delivered to 
Thrust 2 for optimization of methylketone biosynthesis during microbial expression. This year 
work concentrated on the plant rue (Ruta graveolens), which is known to produce mostly 2-
nonanone. Several cDNAs encoding MKS2 from this plant were obtained, and are in the process 
of testing the encoded proteins for biosynthetic activity and catalytic specificity/promiscuity. 
Finally, we have now obtained several MKS1 mutant proteins which are much more active 
with shorter 3-ketoacids (e.g., C7) than with C14 and have verified and extended the structural 
analysis of these mutants at near atomic resolution. 
All the MKS2 cDNAs described above have been sent to Dr. Noel’s lab and they have 
begun the structural work. In addition, work in concert with the Noel’s group to develop MKS1-
MKS2 fusion proteins should enhance higher levels of activity and such polygenes/polyproteins 
will be more amenable to structural investigations and efficienty in vivo production of end 
products. Finally, atomic resolution structures of several MKS1 orthologs from cultivated tomato 
(S. lycopersicum, verified that they catalyze decarboxylation of beta-ketoacids and have 
elucidated by protein x-ray crystallography demonstrating that in one case divalent metal-
binding contribute to decarboxylation and that residue variation in and around the active site 
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predictability alters methylketone chain length providing an evolutionary rationale for this years 
efforts to predictably engineer turnover and chain length specificity. 
 
T1.6 – Thioesterases:  Characterization of Novel Biocatalysts (Thioesterases) for Diversifying 
FAS/PKS Metabolic Pathways 
The goal of this project is to identify and characterize novel biocatalysts from plant and 
microbial polyketide synthase (PKS) systems for the purpose of diversifying the fatty acid 
synthase (FAS) systems of E. coli and the yeast Saccharomyces cerevisiae. This project 
specifically targets enzymes that could be used to prematurely terminate FAS at shorter chain 
lengths than normal. 
In terms of database construction, we completed classifying all eight enzyme groups that 
are key to the CBiRC biocatalysis program including acyl-CoA synthases (ACSs), acyl-CoA 
carboxylases (ACCs), acyltransferases (ATs), ketoacyl synthases (KSs), ketoacyl reductases 
(KRs), hydroxyacyl dehydratases (HDs), enoyl reductases (ERs), and thioesterases (TEs) plus 
acyl carrier proteins (ACPs), whose sequences and structures we have gathered. The ThYme 
database is fully operational and is accessible to center members and to the general scientific 
public. 
In terms of biochemistry, the goal of this project is two-fold. One is to find and 
characterize the molecular details of the nature of thioesterases identified above that display 
different substrate specificities; and second, based on the understanding of the design-principles 
of these thioesterases, create by mutagenesis thioesterases that have the desired substrate 
specificities for unusual fatty acid composition and chain lengths. 
Three residues (Asn, His, and Cys) were previously proposed as catalytic residues of plant 
acyl-ACP TEs. However, a multiple sequence alignment of both plant and bacterial TEs revealed 
that these proposed catalytic residues are not conserved among all TEs, but revealed several 
other residues that are universally conserved. Based on such a multiple sequence alignment and 
structure modeling, we proposed that Cys is not a catalytic residue, but an adjacent Glu and 
another Asp may be involved in the catalytic residues. Site-directed mutagenesis was performed 
on CvFatB2 (Cuphea viscosissima) to verify these predictions. Mutating the previously proposed 
active site residue Cys to Ala or Ser did not greatly impact the TE activity, whereas mutating Glu 
and Asp to Ala or Gln and Asn dramatically decreased the activity of TE. The wild type 
(CvFatB2) and mutant proteins were heterologously expressed and purified from E. coli. The CD 
spectra of mutant proteins were very similar to the wild type protein, suggesting that the 
mutation did not affect protein folding and thus the loss of activity was not caused by mis-
folding but was a consequence of each point mutation. Our results prove that Cys is not a 
catalytic residue, but the adjacent Glu and another Asp may be catalytic residues. 
To identify residues that determine substrate specificity of acyl-ACP TEs, ~20 chimeric 
TEs have been generated and characterized from two plant TEs, CvFatB1 and CvFatB2, each of 
which show different substrate specificities.  Specifically, these TEs share >70% amino acid 
identity, but CvFatB1 is C8/C10 specific, and CvFatB2 is C14/C16 specific. By comparing the 
sequences and substrate specificities of those chimeric TEs, the N-terminus “hotdog” domain 
was identified to affect the substrate specificity. More specifically, fragment III is the most 
important region that determines the substrate specificity of TE.  
Most recently, based on bioinformatic analysis, 13 residues were predicted to affect 
substrate specificity of TE. Site-directed mutagenesis was performed to verify these residues. 
Among them, 5 residues proved to affect the substrate specificity.  
CBiRC Fifth Annual Report
Volume I 65 April 10, 2013
T1 – New Integration of Bioinformatics Tool Set 
The goal of this newly integrated project is to create custom bioinformatics approaches for 
gene discovery.  Specifically, the project has begun integrating in-house ‘omics data with 
existing databases to provide a system-wide view of specialized genes. The goal over the next 
year is to create new approaches to help identify genes/proteins from plants and microbes 
important for the synthesis of carboxylic acids, bifunctional molecules, pyrones and for new 
functionality discovery. 
While only in the early stages of development, this new project created the Plant and 
Microbial Metabolomics Resource (PMR, http://metnetdb.org/PMR/), a user-friendly 
metabolomics database with associated analysis capabilities that are critical to the accessibility 
and use of metabolomics data.  As a CBiRC private resource (and a public resource), this 
capability facilitates discovery and development of testable hypotheses.   We have also created a 
prototype for transcriptomics/metabolomics co-analysis within the context of PMR.   
Second, we have expanded our direct pipeline to access public transcriptomics data by 
automating processes for generating large (30,000 x 30,000 gene) matrices. As a test case, we 
successfully applied this pipeline to generate a matrix from >7,000 Arabidosis transcriptomics 
samples in the public database Array Express.  
 
T1 – IAB seed project, #31-12F1, titled "Combinatorial Integration of Novel Biocatalysts that 
Intercept Fatty Acid Synthase to form Innovative Bi-functional Carboxylic Acids." 
This project will develop the biocatalytic technology for the fermentative production of 
bifunctional carboxylic acids of specific chain lengths. This technology will be based on the 
previous and ongoing characterization of diverse KASIIIs (Thrust 1 Project 1: 3-ketoacyl-ACP 
Synthase) that catalyzes the formation of the first new carbon-carbon bond in the process of fatty 
acid biosynthesis, and diverse TEs (Thrust 1 Project 6: Thioesterases) that catalyze the 
termination of fatty acid biosynthesis. The primary goal of this project is to demonstrate 
enhanced production of these bi-functional, chain length-specific carboxylic acids in a scalable 
system.  
This is a seed project and has in a short time accomplished the following objectives. Three 
TEs with near mono-specificities to short or medium chain acyl-ACPs have been identified. One 
vector has been successfully engineered and sequence confirmed. Two vectors are in the final 
stages of construction. Transformation into an engineered bacterial system is in progress. All 
primers have been designed and PCR executed for cloning one of the three TEs into our bacterial 
expression systems. 
Within Basil Nikolau’s lab, an additional 35 novel acyl-ACP thioesterases are being 
characterized in E. coli (Project T1.6) and in vitro functional characterization of a set of ~30 
diverse KASIII enzymes (Project T1.1) is in progress.  These new biocatalysts will increase the 
numbers of testable KASIII-TE combinations within our engineered bacterial systems to achieve 
combination(s) of TE and KASIII enzymes that produce the most homogenous (i.e. chain length-
specific) source of bi-functional carboxylic acid. 
 
Response to Weaknesses or Threats from Prior Site Visit Reports 
 
SVT Comment: The research of the Thrust 1 (and broadly of the Center) focuses on the 
discovery of new enzymes and chemical catalysts and generating new knowledge. Some exciting 
discoveries have been made and fundamentals have significantly been advanced. However, there 
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is limited new tool development that can impact the research efforts of others in the field. The 
team develops structure-function relations by searching publically available databases and by 
creating a repository. The slowest step in this approach is functional characterization in the lab. 
There is an opportunity to use or introduce new tools, such as statistics and other systems 
biology approaches, to accelerate discovery of enzymes. 
 
While Thrust 1 continues to emphasize the structure-function approach coupled with 
quantitative biochemical characterization of enzymes, we have added additional computational 
tools and a discovery engine to Thrust 1 by realigning the role of Professor Wurtele. Notably, we 
are creating a integrated network-, structure-, and sequence-informed system for identifying 
candidate genes from organism that create novel specialized biochemicals that can be used 
directly or modified to create new biorenewable chemicals in yeast and/or E. coli. As already 
noted, we are automating the MetaCyc-based multi-step assembly series (which currently is 
relatively labor-intensive) to annotate metabolic pathways from new species.  This pipeline is 
enabling more efficient data mining of an increasing number of virtual transcriptomes. 
Moreover, within the Noel group new first principles based computational methods are 
being developed to extract meaningful engineering information and design principles from data-
limited biochemical data sets of mutant enzymes. In short, enzymes are complex machines 
whose functions are entirely encoded in their primary sequences. However, it remains largely 
unresolved how complex traits, including unfolding-folding pathways, thermostability, 
conformational heterogeneity-flexibility, catalytic promiscuity, the pH dependence of catalytic 
mechanisms, and rates, are orchestrated and energetically parsed across an enzyme’s amino acid 
sequence. As a result, computationally designed enzymes fall far short of the bar set by natural 
enzymes.  
To quantify the extent and magnitude of non-additive effects across multiply mutated 
positions in target enzymes beginning with 2-PS, we initiated a fruitful collaboration with the 
Sharpee lab at the Salk Institute. The Sharpee lab develops and refines advanced computational 
tools for extracting statistically significant patterns from a variety of datasets in vertebrate visual 
systems. Specifically, we propose to use recent modifications to classic covariance based 
dimensionality reduction techniques originally designed to find relevant input dimensions 
associated with neural responses. This work builds on the mathematical equivalence of the 
relation between a stimulus and a response (in neurons) and the relation between a mutation and 
a change in structure-function properties (in enzymes). The equivalence is based on the fact that 
both systems allow for binary approximations (the presence or absence of a mutation in the case 
of the sequence-function association of enzymes and the presence or absence of a spike in neural 
systems). We will combine Sharpee lab expertise in extracting statistically significant patterns 
from diverse datasets with Noel lab expertise in designing high throughput biochemical assays to 
analyze quantitative and multivariate  "phenotypes" associated with enzymes. Ultimately, these 
analyses will afford a quantitative picture of functionally-defined amino acid sectors that are 
dependent, additive or completely independent of each other. We expect general properties of 
enzymes that underlie selection and adaptation in metabolic networks will emerge. 
 
SVT Comment: Despite the large number of researchers supported in this thrust, the level of 
productivity remains low with four publications reported in the fourth year of the Center.    
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 We agree that in the previous year in particular the number of publications reported is 
unacceptably low. This is partly due to the fact that several papers including a high profile 
Nature letter coauthored by Thrust 1 and Thrust 2 participants, appeared just after the end of the 
that reporting year. In addition, Thrust 1 participants were advised this year to pay much closer 
attention to acknowledging CBiRC support in papers that draw support from several other 
sources. To date, Thrust 1 has focused acknowledged support on papers directly integrated 
across thrusts and/or within the thrust; greater attention has now been paid to advances made and 
published by individual thrust participants that nonetheless, serve a larger intellectual and 
practical application for CBiRC in general. 
 
Highlights of Significant Achievements and Impacts 
 
1. Cloned eleven KASIII genes from a total of thirty genes that were synthesized previously 
(one KASIII gene from Thermus aquaticus, three for Capnocytophaga gingivalis, one from 
Nocardiopsis dassonvellei, two from Brevibacterium linens, three from Myxococcus Xanthus, 
one from Methylosinus trichosporium). 
2. Explored the commercial potential of KASIII technology to make bi-functional fatty acids, 
and developed a business model as a part of the NSF I-Corps Award.  
3. Cloned the first plant orcinol synthase (OS) (plant type III PKS) from the flowers of apricot 
trees.  Apricot OS like 2-PS, employs acetyl-CoA for chain initiation and malonyl-CoA but 
terminates chain extension through a carbon-carbon bond forming Claisen condensation. 
4. Identified several sets of surface exposed and partially exposed Cys residues in 2-PS that 
when mutated to Ser or Ala resulted in enhanced stability of 2-PS during fermentation in 
yeast and a concomitant substantial increase in pyrone production. 
5. Implemented a first principles based computational tool borrowed from computational 
neurobiology to quantitatively link specific sets of mutants as single sites, pairs, triplet or 
more that significantly modulate catalytic activity and/or reactant specificity. 
6. E. coli has been engineered to produce significant amounts of butyrate, hexanoate and 
octanoate (3.7, 0.1 and 0.03 g/L, respectively) by fermentation of glucose. 
7. Engineered E. coli to co-produce high amounts of acetaldehyde and hydrogen in good yield. 
8. Circular dichroism was developed to investigate differences in folding between acyl-CoA 
synthetases with different substrate specificities as well as the effects of point mutations on 
the overall fold of the Arabidopsis ACS. 
9. Developed a colorimetric plate based assay for determining substrate specific activities 
Arabidopsis ACS WT and mutated forms, along with investigating the rates and substrate 
specificities of the bacterial acyl-CoA synthetases. 
10. Designed several MKS1 mutant proteins which are much more active with shorter 3-
ketoacids (e.g., C7) than with C14 and have verified and extended the structural analysis of 
these mutants at near atomic resolution. 
11. Based on bioinformatic analysis, 13 residues were predicted to affect substrate specificity of 
TEs. Site-directed mutagenesis was performed to verify these residues. Among them, 5 
residues proved to affect the substrate specificity. 
12. Completed classifying all eight enzyme groups focused on by Thrust 1 and incorporated into 
the ThYme database accessible to center members and to the general scientific public. 
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13. Created Plant and Microbial Metabolomics Resource (PMR, http://metnetdb.org/PMR/), a 
user-friendly metabolomics database with associated analysis capabilities that are critical to 
the accessibility and use of metabolomics data. 
14. Identified three TEs with near mono-specificities to short or medium chain acyl-ACPs. 
 
 
 
Thrust 2 - Microbial Metabolic Engineering 
 
The focus of the microbial metabolic engineering thrust is to develop microbial platforms 
using a systems approach and new synthesis pathways (from Thrust 1) to produce small 
polyketide-based molecules at high yields, high rates, and high product titers. The goal of Thrust 
2 is to develop microbial production platforms with the following properties: 
 Integration of new pathways 
 Efficient pathway design to allow proper balance between cell growth and 
product formation  
 Balanced carbon and cofactor flow  
 Maintenance of robust performance even at high product titers 
 Robust cell growth, and minimal scale-up related issues (with industrial input) 
 
Faculty Participants 
 
Position Title Name Department Institution 
Thrust Leader Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Thrust Co-Leader Nancy A. Da Silva Chemical Engineering 
& Materials Science 
University of 
California, Irvine 
Faculty Investigator Julie A. Dickerson Electrical & Computer 
Engineering 
Iowa State 
University 
Faculty Investigator Ramon Gonzalez Chemical & 
Biomolecular 
Engineering 
W. M. Rice 
University 
Faculty Investigator Laura R. Jarboe Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Costas Maranas Chemical Engineering Penn State 
University 
Faculty Investigator Ka-Yiu San Bioengineering W. M. Rice 
University 
 
Faculty Investigator Suzanne B. Sandmeyer Biological Chemistry University of 
California, Irvine 
Faculty Investigator Zengyi Shao Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Eve S. Wurtele Genetics, Development 
& Cell Biology 
Iowa State 
University 
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Role of Thrust 2 in CBiRC 
 
The current test beds are short to medium chain carboxylic acids, pyrones, and 
bifunctional molecules. These three test beds are providing opportunities to integrate all three 
research thrusts. The connectivity among projects is as follows: genes and pathways 
discovered/developed in Thrust 1, the Pathway Discovery group, for carboxylic acid, pyrone and 
bifunctional molecule synthesis are being integrated into the production strains in Thrust 2. 
Similarly, the products from Thrust 2, carboxylic acids and pyrones, serve as precursors for the 
synthesis of alpha-olefins, dienes, and other compounds by Thrust 3, the Chemical Catalysis 
group. As discussed in the Annual Report 2012, the functional reversal of the β-oxidation cycle 
was introduced as a new biological platform for the efficient synthesis of biorenewable 
chemicals. A current focus of this project is to further engineer the reverse β-oxidation cycle for 
the biosynthesis of bifunctional molecules, namely ω-carboxylated acids and alcohols. Some of 
these molecules, such as adipic acid, do not need further conversion by Thrust 3; however, other 
products will require conversion via chemical catalysis to the desired compounds. 
Research Methodolgy 
The long term goal is to develop efficient microbial systems that produce small 
polyketide-based molecules (by incorporating new synthesis pathways discovered from Thrust 1) 
at high yields, high rates and high product titers. Specifically, CBiRC employs Escherichia coli 
and Saccharomyces cerevisiae, two commonly used and well studied microbial systems, as the 
hosts. During year 5, we initiated work with the oleaginous yeast Yarrowia lipolytica as an 
additional host system, based on feedback from our Industrial Advisory Board and the NSF site 
visit team.  Transfer of pathways from S. cerevisiae may prove advantageous in this non-
oleaginous yeast species, and the transfer of Y. lipolytica pathways to S. cerevisiae is also 
promising.  
The current testbeds are short and medium chain length carboxylic acids, pyrones, and 
bifunctional molecules. In years 1 through 4, T2 metabolic engineering efforts have focused on 
tapping fatty acid/polyketide metabolism. However, in year 4, functional reversal of the β-
oxidation cycle was introduced as a new project and the current focus is on the biosynthesis of 
bifunctional molecules, namely ω-carboxylated acids and alcohols (Vol. II, T2.6A).  
A key challenge for Thrust 2 is to shorten the metabolic engineering design cycle. As 
CBiRC has evolved, the metabolic engineering design process has evolved, into a Systems 
Metabolic Engineering design process, as shown in the Figure 2.5 below. As initially 
conceived, the strain development/optimization is an iterative process where increasingly refined 
strains are designed and constructed based on the knowledge derived from computational and 
modeling efforts in concert with metabolic evolution, flux analysis, and omics experiments. The 
strains are then subjected to a further round of characterization leading to yet another round of 
design and construction. However, the new figure captures the integration of omics technologies 
and modeling in the Systems Biology petal; the integration of the evolution and the 
bioinformatics tools as it relates to reverse engineering, applied mainly to alleviate product 
toxicity, in another petal; and incorporation of synthetic biology techniques as an additional 
petal. The classical metabolic engineering petal still exists, as in constructing and screening 
multiple strains for overproduction, or using collective wisdom of many years of experience, as 
in the case of Professor San in metabolic engineering of E. coli, to drive the engineering. The 
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biocatalysts engineered by Thrust 1, shown as a bee, can enter anywhere in the cycle. Plant 
sugars are converted by the engineered microorganisms to products via fermentation and passed 
on to Thrust 3 for catalysis.  
 
Figure 2.5. Systems Metabolic Engineering Efforts of Thrust 2 and the interaction among 
Thrusts 
 
Our team has evolved with this evolution in the design process. In year 4, Professor 
Costas Maranas was added to the Thrust 2 team to provide expertise in integrating 
computationally driven predictions with metabolic flux analysis, and we have incorporated these 
methods into strain design in the carboxylic acid and pyrone testbeds. Furthermore, as our NSF 
site visit team suggested, addition of a team member in synthetic biology should increase the 
effectiveness of our strain construction. A new member of T2 is Professor Zengyi Shao, who 
obtained her Ph. D. degree with Professor Huimin Zhao at the University of Illinois, and joined 
the faculty at ISU in January 2013. Dr. Shao’s expertise is in synthetic biology, and she is best 
known for her creation of DNA Assembler, which allows the assembly of an entire biochemical 
pathway in a single step via in vivo homologous recombination in S. cerevisiae. She is working 
on constructing and characterizing yeast strains to produce bifunctional molecules in projects 
T2.1B and T2.2B.   
The following projects are designed to provide an integrated approach for strain 
development with the final goal of achieving efficient microbial production systems. 
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Projects Goal/Scope Investigators 
(E. coli) 
Investigators 
(S. cerevisiae) 
Strain 
construction/ 
optimization 
Develop integrated techniques/tools to 
design and construct efficient microbial 
strains for high level production of fatty 
acids, pyrones, and bifunctional molecules 
from glucose. 
San*; Gonzalez 
 
Da Silva*; 
Sandmeyer; 
Shao 
 
Strain 
characterization 
& optimization 
Characterize the production strains under 
various operating conditions. Perform 
metabolic evolution experiments.  
San*; 
Gonzalez; 
Jarboe 
 
Da Silva*; 
Sandmeyer; 
Jarboe; Shao 
 
Omics 
experiments 
Perform omics experiments (gene expression 
profiling first, followed by protein and 
metabolite) of the production strains. 
Gonzalez*; 
San;  
Jarboe 
 
Jarboe*  
Sandmeyer;     
Da Silva 
 
Flux Analysis Develop tools and models to perform 
metabolic flux analysis of the production 
strains.  
J Shanks*; 
Maranas; San; 
Gonzalez 
 
J Shanks*; 
Maranas; 
Jarboe 
 
Bioinformatics Develop tools and models to integrate in-
house omics data with existing data bases to 
provide a system wide view of the 
production strains.  Develop systems 
approach based tools and techniques to 
provide insights and/or suggestions for 
further strain improvement. 
Dickerson*; 
Wurtele; 
Gonzalez; San; 
Jarboe; J 
Shanks 
 
Wurtele;* J 
Shanks; Da 
Silva; 
Sandmeyer 
 
Beta-Oxidation 
Pathway Reversal  
Reconstruct a functional reversal of the β-
oxidation cycle as a platform for the 
synthesis of functionalized carboxylic acids. 
Gonzalez*  
 
Summary of research accomplishments 
 
 Thrust 2 continues to be very active in team interactions; these interactions are crucial, as 
one of our goals is to shorten the metabolic engineering design cycle. As CBiRC has matured, 
interactions are now increasingly driven by students and postdocs, instead of being investigator-
led. As an example, this year CBiRC awarded a student-led 6 month grant to postdoctoral fellow 
Ivan Chang and graduate student James Yu from the Sandmeyer lab at UC Irvine and graduate 
student Ting Wei Tee from the Shanks lab at ISU to collaborate on fluxomics in S. cerevisiae 
and Y. lipolytica.  As part of this award, Ting Wei traveled to Irvine to perform collaboratively 
the experiments in two one-week exchanges. Weeklong student exchange visits have been part of 
Thrust 2 since 2011 (Rice to ISU) and 2012 (Penn State to ISU). We continue to have formal, 
biweekly meetings with Thrust 1 and the Testbed Champions, which provide structure. These 
presentations include progress in individual labs, progress on cross-laboratory projects, and 
progress on the overall testbeds.  Bi-weekly virtual meetings in Thrust 2 are held to integrate 
data with modeling and informatics analysis. For student and postdoc education, we have 
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continued using virtual webinars through AIChE – Society of Biological Engineering, as well as 
our own personal webinar series, to fill a particular technical need. Virtual meetings and 
webinars are videotaped and logged on our CBiRC intranet site for further study.   
 
Yield, titer and productivity targets 
The design targets for a microbial process are high yield, titer and productivity.  Based 
upon feedback from our Scientific Advisory Board and our team’s experience, rule-of-thumb 
productivity targets for a commodity chemical via fermentation are on the order of 1-3 g/L/hr for 
commercialization. Practically speaking, this means that targets for biorenewable chemicals on 
titers and yields will have to be on the order of double digit g/L and 80% maximum theoretical 
yields. We work with the Testbed Champions, Rob Anex for carboxylic acids and Raj Raman for 
pyrones, as they use techno-economic analysis to refine these estimates. 
We calculated the theoretical yield of fatty acids with different chain lengths and pyrones 
from more detailed balances that take the cofactor requirements into consideration for E. coli and 
S. cerevisiae (details for carboxylic acids are in Vol. II, 2010 Annual Report).  For reference, 
from this report, the maximum theoretical yields of C8, C14 and C16 fatty acids, using redox 
balances, are identical for both hosts, and were determined as 0.500, 0.286 and 0.250 mol 
FA/mol glucose,  respectively, or 0.401, 0.363, or 0.356 g FA/g glucose, respectively. The 
maximum theoretical yield of pyrones is 0.667 mol pyrone/mol glucose for three different 
reactions systems and identical for both hosts.  
We will illustrate our progress in Thrust 2 using the carboxylic acid test bed (short and 
medium chain fatty acids via fermentation), the pyrone test bed, and the emerging bifunctional 
molecules testbed. Details on all the projects are in Volume II. 
 
Carboxylic Acid Testbed: 
Fatty Acid production 
In the 2012 Annual Report, we reported substantial progress on the production of medium 
chain (C14-C16) fatty acids and short chain (C8) fatty acids in E. coli strains. Higher fatty acid yields 
and titers can be obtained by improving the biological activity of the thioesterases involved as well as 
engineering in the central metabolic pathways. A combination of sucC inactivation (which disrupts the 
TCA cycle) and FabZ overexpression (which increases fatty acid synthesis) resulted in a strain 
(MG1655 ΔfadD sucC (pXZ18)) with a very high titer and a very high yield (0.35 g FA/g glucose, 
which approaches 0.36, the maximum theoretical yield). This progress has translated into technology 
transfer in the current year. We have developed patent-pending fermentation processes that use 
genetically modified E. coli bacteria to produce medium chain fatty acids. Rice University, Ceramatec 
Inc., a Utah-based company, and Technology Holding LLC have a $25 million project funded by the 
USDA that uses these strains to produce synthetic diesel and lubricants. In addition, we have two 
invention disclosures on short chain and odd-chain fatty acid producing strains, respectively (data not 
shown, confidential).  Although details from these invention disclosures are not reported here, the 
collective CBiRC enterprise, from the array of thioesterases characterized in Thrust 1, to the CBiRC 
concept of the combinatorial nature of fatty acid biosynthesis, the multiplicity of viable solutions as 
demonstrated from Systems Metabolic Engineering in Thrust 2, and the bioseparation aspects 
regarding substrate composition for catalysis via Thrust 3, clearly have influenced the work.  
In the 2012 Annual Report, we reported our initial work in constructing strains to improve 
short chain fatty acid production. A C8 acyl-ACP thioesterase was optimized in expression using 
synthetic biology techniques, and then this engineered C8 thioesterase, pXZCP88, was tested for C8 
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production using the host backgrounds for some of highly productive strains for medium chain length 
fatty acids.  The most productive strains, those with mutations in the glucose uptake system (MG1655 
ΔfadD ptsG (pXZCP88)) or in the glycolytic pathway (MG1655 ΔfadD pfkF (pXZCP88)), 
produced more than 1.2 g/L of octanoic acids, whereas the control strain (MG1655 ΔfadD 
(pXZCP88)) produced less than 0.1 g/L of octanoic acid. Strains that performed well for octanoic acid 
production are quite different from those that performed well for the longer chain length fatty acids.  
These results suggested that different host strain manipulations are needed depending on 
the chain length of the fatty acid to be produced.  Indeed, our OptForce predictions indicated 
very different genetic manipulations for C8 versus C14-C16. In addition, although the medium 
chain fatty acids results suggested that E. coli has the metabolic capacity to produce fatty acids at 
high efficiency that are close to the end of its synthesis cycle, the situation is different for shorter 
chain fatty acid production, such as octanoic acid. First, the acyl-ACP thioesterase has to pull the 
shorter chain fatty acid in the middle of the synthesis cycle. Second, literature reports showed 
that the accumulation of longer chain acyl-ACP may have a negative feedback effect on several 
fatty acid synthesis pathways.  
We hypothesized that co-expression of short and long chain acyl-ACP thioesterases 
would relieve feedback inhibition and improve C8  production through three effects: 1) the 
shorter acyl-ACP thioesterase will lead to the synthesis of free short chain fatty acid; 2) the 
longer acyl-ACP thioesterase will lead to lower longer long chain acyl-ACP concentrations; and 
3) the longer acyl-ACP thioesterase will provide a pulling effect on the fatty acid precursor 
acetyl-CoA into the fatty acid synthesis cycle. We have observed an increase in short chain 
length fatty acid (octanoic acid) titer and yield by introducing a longer chain length specific acyl-
ACP thioesterase. The strain carrying the longer chain length specific acyl-ACP thioesterase, 
ML191::pXZcp88, pDHC29-18 (MG1655 ΔfadD ΔpfkA short chain acyl-ACP thioesterase+ 
long chain acyl-ACP thioesterase+), consistently outperforms the strain without, 
ML191::pXZcp88, pDHC29 (MG1655 ΔfadD ΔpfkA short chain acyl-ACP thioesterase+) in 
terms of octanoic titer and yield during the entire fermentation (48 h) and at all IPTG 
concentrations. At an IPTG concentration of 300 μM, the titer and yield of octanoic acid (C8) is 
the highest, 1.2 g/L and 0.15 g/g, respectively when the cells carry a longer-chain fatty acyl-ACP 
thioesterase. This is a 49% improvement in titer and a 78% improvement in yield over the cells 
without the long-chain fatty acyl-ACP thioesterase.  
The widespread efforts, by CBiRC and at other research entities, in designing E. coli 
strains for enhanced production of carboxylic acids lend themselves to an emerging case study 
for Systems Metabolic Engineering (Figure 2.5) design. Although the different aspects of 
Systems Metabolic Engineering can be integrated in designing a microbe to produce a given 
chemical, a survey of the literature for engineered microbes indicates that at most two approaches 
have been integrated (Lee et al. Trends in Biotechnology, 2011). Since a key challenge for Thrust 
2 is to shorten the Systems Metabolic Engineering design cycle, the following questions can 
arise: which design methods are more efficient and effective, in isolation and in combination 
with other methods? Now, since extremely high yielding (>70% maximum theoretical yield) E. 
coli strains for production of medium chain-length carboxylic acids have been developed: (1) the 
CBiRC strain (MG1655 ΔfadD sucC FabZ+ medium chain acyl-ACP thioesterase+), San et al, 
patent WO2011116279)) achieving ~ 100% maximal theoretical yield via mainly a classical 
engineering approach (with some synthetic biology); (2) a CBiRC strain (MG 1655 FadAB+ 
FadM+ reversal of β-oxidation; Dellomonaco, et al, Nature, 2011) achieving ~ 85% maximum 
theoretical yield via a synthetic biology approach by reversing the β-oxidation pathway, and (3) a 
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JBI strain (DH1 FadR+ TesA’, Zhang et. al. Metabolic Engineering 2012) achieving ~ 70% 
maximum theoretical yield via a Systems Biology approach, we can begin to address this. In 
another interesting approach, a JBI strain (DH1 ΔfadE TesA’, dynamic sensor, Zhang et al, Nature 
Biotech, 2012) engineered via a synthetic biology approach, was able to achieve ~ 55% maximal 
theoretical yield by designing a dynamic sensor-regulator system to regulate the level of a fatty 
acid intermediate. The genetic modifications to these strains are drastically different, thus 
illustrating that there is more than one way to solve the problem.  
In addition, we have the rational design process, integrated experimental and computational 
flux platform, which incorporates omics and modeling, as another approach. We used the wild-type 
E. coli strain (MG1655) in minimal (M9) medium, as a starting point for the experimental flux 
analysis that integrates into OptForce. The OptForce procedure computationally prioritizes genetic 
manipulations that overproduce fatty acids, and these calculations can be tailored to the specific chain 
length of free fatty acid desired. OptForce predicted blocking free fatty acid consumption and 
enhancing fatty acid biosynthesis as two of the first steps required to enhance free fatty acid 
consumption. In accordance with the OptForce prioritization of interventions, fabZ and acyl-ACP 
thioesterase were upregulated and fadD deleted to create the 1st generation CBiRC strain (MG1655 
ΔfadD (pXZ18)). Towards continuing the rational design process, we have performed flux and 
transcriptomics measurements for the 1st generation, CBiRC strain (MG1655 ΔfadD (pXZ18)).  
OptForce was redeployed, and these 2nd generation predictions were compared to the 1st 
generation predictions derived from the wild-type flux data.  The 2nd generation prediction was 
indeed different than the 1st generation predictions.  CBiRC strains were engineered according to 
the next step in 1st generation design plan – i.e. phosphoglucomutase activity was down-regulated 
through the cofactor independent PGM (ΔiPGM or ΔpgmM) mutant strains using ML103 (MG1655 
ΔfadD) as the base strain. However, reduction of PGM activity, through deletion of the iPGM gene 
(the cofactor dependent PGM still is present) leads to lower fatty acid production. Since we know that 
membrane fluidity is changed in the 1st generation CBiRC strain (MG1655 ΔfadD (pXZ18)) (see 
Volume II, T2.2A), we hypothesize that toxicity alters the physiology of the cell, thus changing the 
experimental fluxes of the strain away from the computational fluxes derived from the 1st generation 
OptForce predictions. This new experimental flux map drives OptForce to alter the prediction chain in 
the strain design for optimal fatty acid production. Interestingly, as TCA activity increases in the 1st 
generation CBiRC strain compared to the wild-type (determined experimentally), removal of the 
succinate dehydrogenase reaction was identified as the most important intervention to channel flux 
towards fatty acids in the 2nd generation strain design via OptForce. This is close, but not directly 
sucC, which was the next genetic intervention in the 2nd generation CBiRC strain via the classical 
design approach. The TCA cycle activity was decreased in strain design both by the 2nd generation 
OptForce approach and in the 2nd generation strain resulting from the classical approach. (see 
Volume II, T2.2A, T2.2B, T2.4A).   
We are currently working to further analyze and synthesize the data to present a cohesive story 
of these results and those in the literature for designing fatty acid related biorenewable chemicals. The 
rational design process also benefits from the framework by the ability to identify regulatory 
entities associated with a specific protein. For example, if an enzyme is a target for manipulation, 
elements involved in transcription and translation of the required proteins can be targets for 
controlling enzyme abundance, as illustrated in the FadR+ CBiRC (data not shown) and JPI 
strains. The bioinformatics efforts, including a framework to systematically analyze mutations and 
provide interpretations for both direct impact and downstream effects, is enabling our understanding of 
the strain design process (see Volume T2.5A).  
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In S. cerevisiae, the synthesis of short chain fatty acids is hindered by the complex and closed 
structure of the native fatty acid synthase (FAS); this restricts access of the new thioesterases (TEs) to 
the growing fatty acid chain. To address this, we have investigated two heterologous FAS systems 
(mammalian and E. coli) for the production of short chain fatty acids in yeast. These non-native FAS 
systems allow access by the desired thioesterases for short chain synthesis, while the native yeast FAS 
is available (or down-regulated) for housekeeping fatty acid synthesis. The mammalian FAS (mFAS) 
produced in yeast was previously shown (Vol. II, 2010 Annual Report) to be active both in vitro and in 
vivo, and capable of complementing a yeast FAS2 knockout allowing growth in the absence of fatty 
acids. This is very promising as the mFAS can be used with thioesterases that allow short chain 
synthesis. For the synthesis of short chain fatty acids, we have combined novel thioesterases (TEs) 
from Thrust I and two TEs from the literature with our new heterologous yeast systems. To test these 
TEs for short chain fatty acid synthesis, the TE domain was removed from the mFAS, and the new 
TEs are carried on high-copy plasmid vectors for testing. In addition, we have created two mutant 
mFAS constructs containing a short chain thioesterase domain by fusing the TE directly to the mFAS 
via a linker. These short chain TE domains replace the native TE domain and allow the direct shuttling 
of acyl-CoA substrates from the adjacent ACP domain. Total in vivo short chain fatty acid production 
increased 19-fold over controls. A 32-fold and 21-fold increase was observed for C8 and C10 levels 
over controls. Additionally, for the first time we have observed the in vivo production of C6 using 
these new constructs (see Volume II, T2.2A and T2.2B).  
In parallel, we have focused on introducing the E. coli fatty acid pathway as the separate 
proteins allow the greatest flexibility for manipulation. Previously, we independently expressed all 
nine required genes in yeast and confirmed activity with in vitro experiments (Vol. II, 2011 Annual 
Report). We have now integrated, using new integration strategies, eight of the nine mandatory type II 
FAS genes into a single strain, with expression of the thioesterase on a plasmid. To test for the activity 
in vivo of the complete type II FAS system expressed in S. cerevisiae, two different assays have been 
used. First, the total fatty acid production and fatty acid profile of each of the strains constructed have 
been measured using GC-MS and GC-GC-MS. Second, growth complementation studies have been 
carried out. The native yeast FAS2 gene was knocked out to test if the expression of the active type II 
FAS was sufficient to complement the lack of native fatty acid synthesis. Complementation occurred, 
allowing the cells to grow in the absence of exogenous fatty acids. We are currently characterizing our 
strains and engineering them further to increase the production of short-chain fatty acids (see Volume 
II, T2.2A and T2.2B). 
To engineer strains for increased production of fatty acids and related compounds, we 
have knocked out specific regulatory and pathway genes, upregulated genes for the synthesis of 
important precursors, and evolved the strains. The focus over the past year has been engineering 
strains carrying a combination of genes leading to increased production of precursors (e.g., CoA, 
acetyl-CoA, malonyl-CoA). Two promoters have been incorporated and the strains are being 
evaluated for the increased synthesis of a model polyketide (6-MSA) and fatty acids. As an 
alternative approach to increase the pool of acetyl-CoA, we are utilizing non-native enzymes. 
Another major focus has been the control and down-regulation of the native yeast fatty acid 
synthase. The native FAS is the primary consumer of both acetyl-CoA and malonyl-CoA. The 
overall strategy is to utilize the native FAS for initial growth, then down-regulate this FAS so 
that the acetyl-CoA and malonyl-CoA pools are available to the heterologous FAS for short 
chain fatty acid synthesis. 
A new direction over the past two years (based on feedback from our Industrial Advisory 
Board and the NSF site visit team) has been work on the oleaginous yeast Yarrowia lypolytica. 
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The goal of this research is to develop a yeast that naturally stores lipids rather than 
polysaccharides and to test whether it is more amenable to manipulation of acetate based 
precursors for production of hydrocarbon compounds of interest. Progress has been made on the 
development of strain and plasmid tools, the development of engineered strains with higher lipid 
accumulation, and the determination of conditions that limit growth for carbon and for nitrogen, 
and the effects on fatty acid production (see Volume II, T2.2A and T2.2B). 
 
Toxicity  
Addressing toxicity issues is a prime example of linkage with the omics (transcriptomics 
and proteomics) and flux projects with the bioinformatics efforts of modeling and visualization  
(see Vol. II T2.2A, T2.3A,T2.5A, T2.3B, T2.4B). From our omics, flux and bioinformatics results, 
we have generated and tested hypotheses for the observed toxicity  
A leading hypothesis is that carboxylic acids may negatively impact the function and/or 
integrity of the cell membrane in E. coli. This hypothesis, along with literature reports regarding 
the effect of short chain fatty acids (SCFAs) on membrane fluidity, has motivated our current 
plan to focus on several aspects of membrane fluidity and integrity (see Vol.II T2.2A, T2.5A). We 
have observed that short-term challenge with octanoic acid induced significant changes in 
membrane polarization (representative of fluidity) and leakage of Mg2+ (representative of 
membrane integrity). Through further experimentation, we have tentatively concluded that the 
leakage is not the major cause of the growth inhibition, since the increased growth resistance is 
accompanied by a change in membrane fluidity, but not a change in leakage.  
In order to identify changes in membrane properties that enabled resistance of the 
fluidization effect in E. coli, we studied the membrane composition after 3 hours of growth with 
various doses of carboxylic acid. By quantifying C14:0, C16:1, C16:0, C17cyc, C18:1 and 
C18:0, we are able to calculate the saturated:unsaturated fatty acid ratio and also the average 
lipid chain length of these lipids. Thus, it is possible that the shift to longer, more saturated lipids 
enables resistance to the fluidizing effect. This is information that could be used to design 
engineering strategies for further increases in tolerance.  
Our omics and flux analysis of S. cerevisiae during challenge with octanoic acid has suggested 
that the primary cause of growth inhibition is damage to the cell membrane, but in contrast to E. coli, 
not membrane fluidity. Interestingly, both the saturated:unsaturated fatty acid ratio and also the 
average lipid chain length of the membrane increased in response to increasing concentration of 
octanoic acid; this is consistent with the trends observed in enabled resistance of the fluidization in E. 
coli adapted to octanoic acid. For S. cerevisiae, we discovered that the membrane can be made 
stronger, and thus the strain can be made more resistant, by increasing the oleic acid content in the 
membrane. However, the necessary level of oleic acid can only be reached at this time by directly 
supplementing the media with oleic acid. Additional engineering efforts are needed to enable the cells 
to reach the necessary level on their own.  
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Pyrone Testbed: 
Pyrone production 
To increase pyrone synthesis, several strategies have been pursued including comparing 
different enzymes (2-pyrone synthase from Gerbera hybrida is the enzyme of choice), 
preventing proteolysis of the synthase, increasing 2-PS expression levels (via copy number and 
promoter choice), increasing precursor availability via strain engineering, and assessing new 
improved 2-PS variants (developed by the Noel lab, Thrust 1). During the past year, the primary 
focus has been on the latter two strategies: strain engineering and enzyme engineering, and 
combinations of the two. 
Forty-one 2-PS mutants from the Noel lab have been cloned into pXP vectors and 
expressed in our yeast strain. TAL levels up to 175% over wild-type were observed for the 
twenty-three variants tested to-date. Additional mutants, including combinations of the more 
promising ones, are currently being screened. In addition, strains were engineered for higher 
TAL synthesis. Precursor availability was improved by identifying bottlenecks via computational 
modeling, and by manipulations based on knowledge of the pathways and information in recent 
publications. Use of OptKnock in the COBRA 2.0 Toolkit indicated that strains inhibited in both 
fatty acid synthesis and pyruvate carboxylase activity, as well as removing glycogen and glycerol 
biosynthesis should increase TAL levels. Testing 11 single gene deletion strains resulted in 
nearly 3-fold higher TAL productivities. Strains carrying a combination of these single gene 
deletions were then constructed to provide additional improvements in pyrone synthesis. 
By combining the protease knockouts, optimum promoter, optimum expression system, 
and best 2-PS mutant, we have increased our pyrone titer to 1.74 g/L, a theoretical yield of 37%. 
This represents a 25-fold increase in titer and a 48-fold increase in yield over the past two years. 
Further strain and synthase manipulations should result in even more robust systems for the 
production of triacetic acid lactone in S. cerevisiae. We are also evaluating strategies for 
obtaining similar yields in yeast minimal medium, critical for the flux experiments and more 
relevant for industrial applications 
We are currently providing culture broth to the Dumesic lab (Thrust 3) for their catalysis 
work. Genes and vectors have been transferred to NCAUR for studies in industrial yeasts and we 
have discussed collaborations with Lesaffre. 
 
Bifunctional Molecules Testbed:  
Beta-Oxidation pathway reversal in E. coli: 
We have recently developed E. coli strains capable of producing n-alcohols and 
carboxylic acids from glucose via a reversal of the β-oxidation cycle for fatty acid degradation. 
However, currently the products of this developed reverse β-oxidation pathway are only 
functionalized in the β group and there is no evidence showing that this pathway is capable of 
producing products with other functionalized parts, such as ω-carboxylated products. Since some 
of the ω-carboxylated products, such as adipic acid, the monomer of nylon-6,6, are valuable and 
their clean biosynthesis is required due to environmental and sustainability concerns, an ω-
carboxylated products producing reverse β-oxidation pathway is needed.  
To produce ω-carboxylated products, the enzymes of the pathway should be effective 
when reactants are ω-carboxylated. The enzymes of current reverse β-oxidation pathway are not 
known to react on them, so they are substituted with similar enzymes that are naturally effective 
on ω-carboxylated metabolites. The figure below shows the proposed one cycle of reverse β-
oxidation for production of C6 ω-carboxylated carboxylic acids. This pathway is composed of 
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five steps: i) condensation of ω-carboxylated 
primer succinyl-CoA with 2C donor acetyl-CoA 
by β-ketoadipyl-CoA thiolase PaaJ from E. coli 
or PcaF from P. putida, which degrades the 3-
oxoadipyl-CoA to succinyl-CoA and acetyl-
CoA; ii) hydrogenation of 3-oxoadipyl-CoA to 
3-hydroxyadipyl-CoA by 3-hydroxyadipyl-CoA 
dehydrogenase PaaH from E. coli; iii) 
dehydration of 3-hydroxyadipyl-CoA to 2,3-
dehydroadipyl-CoA by PaaF, the 2,3-
dehydroadipyl-CoA hydratase in E. coli; iv) 
reduction of 2,3-dehydroadipyl-CoA to adipyl-
CoA by egTer, an efficient enoyl-CoA 
reductase from Euglena gracilis which directly 
utilizes NADH as cofactor; v) termination of the 
cycle, which yields adipic acid, or branching-
out from the above steps, which yields 3-
oxoadipic acid, 3-hydroxyadipic acid and 2-hexenedioic acid, respectively, by dicarboxylic acyl-
CoA thioesterase Acot8 from mouse, or by TesB, which belongs to same family with Acot8 
according to the CBiRC ThYme database.  
Except thiolases PaaJ and PcaF and thioesterase Acot8, none of these enzymes have been 
reported to be able to catalyze the reactions as above. Therefore, their activity should be 
confirmed before the pathway is constructed. So far, the enzyme assays of PaaJ, PcaF and PaaH 
have been completed successfully, and the other analyses are currently underway (details in 
T2.6A).  
 
Highlights of Significant Achievements and Impacts 
 
1. We have developed patent-pending fermentation processes that use genetically modified E. 
coli bacteria to produce medium chain fatty acids. Rice University, Ceramatec Inc., a Utah-
based company, and Technology Holding LLC have a $25 million project funded by the 
USDA that uses these strains to produce synthetic diesel and lubricants.  In addition, we have 
two invention disclosures on short chain and odd-chain fatty acid producing strains, 
respectively (data not shown, confidential). 
2. The extensive efforts by CBiRC in designing E. coli strains for enhanced production of 
carboxylic acids lend themselves to an emerging case study for Systems Metabolic 
Engineering design. An integrated experimental and computational flux (OptForce) platform, 
along with bioinformatics and omics analyses, is allowing us a means to understand design 
processes to enhance fatty acid production. This understanding is a prerequisite to developing 
design rules to reduce the design cycle time of the metabolic engineering cycle.  
3. For the synthesis of short chain fatty acids in yeast, we have combined novel thioesterases 
(TEs) from Thrust I and two TEs from the literature with our new heterologous FAS yeast 
systems. To test these TEs for short chain fatty acid synthesis using mFAS, the TE domain 
was removed from this synthase, and the new TEs were carried on high-copy plasmid 
vectors. In addition, we created two mutant mFAS constructs containing a short chain 
thioesterase domain by fusing the TE directly to the mFAS via a linker. These short chain TE 
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domains replace the native TE domain and allow the direct shuttling of acyl-CoA substrates 
from the adjacent ACP domain. Total in vivo short chain fatty acid production increased 19-
fold over controls, with 32-fold and 21-fold increases in C8 and C10, respectively..  
4. We have combined enzyme engineering, i.e. promising Thrust 1 new enzyme variants of 
pyrone synthases, and strain engineering, e.g. including the computational OptKnock 
procedure, in S. cerevisiae in order to increase pyrone synthesis to yield a TAL titer of 1.74 
g/L and 37% of the theoretical yield (g pyrone/g glucose). This represents a 25-fold increase 
in titer and a 48-fold increase in yield over the past two years. We have transferred our 
culture broth to Thrust 3 for their catalysis work. Genes and vectors have been transferred to 
NCAUR for studies in industrial yeasts. 
 
Updated Responses to weakness in the 4th year site visit report 
Comment: Insufficient data integration and data mining and systems biology in Thrusts 1 and 2.  
Thrust 1 has added additional computational tools and a discovery engine by realigning the 
role of Professor Wurtele. Professor Wurtele has the role of better linking the computational-
modeling capabilities of T2 (see Volume II, T2.5B) with the biocatalyst-discovery capabilities of 
T1. 
 
 
 
Thrust 3: Chemical Catalyst Design 
 
Faculty Participants 
 
Position Title Name Department Institution 
Thrust Leader Robert J. Davis Chemical Engineering University of 
Virginia 
Faculty Investigator Abhaya K. Datye Chemical &Nuclear 
Engineering 
University of 
New Mexico 
Faculty Investigator James A. Dumesic Chemical Engineering University of 
Wisconsin, 
Madison 
Faculty Investigator George A. Kraus Chemistry Iowa State 
University 
Faculty Investigator Matthew Neurock Chemical Engineering University of 
Virginia 
Faculty Investigator Klaus Schmidt-Rohr Chemistry Iowa State 
University 
Thrust Co-Leader Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Jean-Philippe 
Tessonnier 
Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator L. Keith Woo Chemistry Iowa State 
University 
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Role of Thrust 3 in CBiRC 
 
Research in Thrust 3 is aimed at the catalytic conversion of renewable molecules produced 
by the microbial systems studied in Thrust 2.  More specifically, many of the efforts in Thrust 3 
are focused on supporting the test bed concepts involving production of bifunctional molecules, 
synthesis and upgrading of pyrones, and synthesis of carboxylic acids followed by 
deoxygenation to hydrocarbons. More specifically, two projects lead by Davis and Woo explore 
catalytic routes to produce bifunctional molecules. Kraus and Dumesic are leading two different 
projects involved with the conversion of pyrones to higher value products such as aromatics and 
specialty organic acids.  Regarding the deoxygenation of fatty acids, Davis and Dumesic are 
exploring how supported metal nanoparticles and solid acids catalyze decarboxylation and 
decarbonylation reactions.  Finally, new “tools” for the advancement of catalytic science and 
technology relevant to the conversion of biorenewable feedstocks are being pursued currently 
and will continue to be improved over the next several years.  The development of these tools 
includes engineering of hydrothermally-stable catalysts and catalyst supports and use of NMR 
spectroscopy to characterize carbon catalysts and supports.   
 
Research Methodology 
 
The primary approach used by researchers in Thrust 3 to design chemical catalysts utilizes a 
combination of 1. Synthesis of model catalysts; 2. Extensive characterization of their physical 
and chemical properties; and 3. Evaluation of their catalytic performance in specific target 
reactions.  At each stage of this approach, researchers complement experimental studies with ab 
initio quantum chemical calculations to aid in the interpretation of results and to help guide 
future experiments.  The utility of this approach is that important structure/function relationships 
for new catalytic systems can be elucidated and subsequently incorporated into the catalyst 
design strategy. 
 
Summary of Research Accomplishments 
 
The research in Thrust 3 is composed of 7 projects as summarized in the following table. 
 
Project Goal/Scope Investigators 
Selective  
Dehydration 
Selective dehydration of model biorenewable 
compounds as an important component of the 
catalysis toolbox 
B. Shanks*;  
Dumesic; Kraus; 
Neurock 
Deoxygenation of 
Carboxylic Acids 
Selective removal of oxygen from short chain 
fatty acids to produce -olefins and other 
products 
Davis*; Dumesic 
Neurock; Kraus  
Ring Opening 
Reactions 
Selective ring opening of furan, pyrans and 
pyrones 
Dumesic*,Neurock; 
Davis; Datye  
Hydrothermally-
Stable Catalysts 
and Supports 
Synthesis of catalysts and catalyst supports  
with hydrothermal stability 
Datye*; Dumesic;  
B. Shanks;  
Schmidt-Rohr; 
Tessonnier 
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Pyrone 
Conversions 
Conversion of pyrones into aromatic commodity 
and specialty chemicals Kraus*; Dumesic 
Selective Oxidation 
to Di-acids 
Selective oxidation of bifunctional molecules  to 
produce di-acids 
Davis*; Neurock;  
 
Migration of 
Functional Groups 
Selective migration of functional groups to 
terminal positions of bifunctional target 
molecules 
Woo* 
 
 
Recent achievements for the individual projects are summarized below. 
 
T3.2  Selective Dehydration of Model Compounds 
Biorenewable feedstocks have excess oxygen relative to the amount typically present in 
industrial chemicals.  Dehydration is an important reaction for the removal of oxygen, but 
limited work has been performed on selective dehydration in the presence of additional 
functionality in the reactant. An important goal in developing a catalytic “tool chest” for 
biorenewable chemicals will be demonstration of effective selective dehydration catalysts. In 
order to rationally design and develop more effective dehydration catalysts, it is also important to 
investigate the underlining structure-reactivity relationships among different catalysts that have 
been identified to effective.  Two different types of molecules have been chosen as model 
dehydration reactions to probe the intrinsic catalytic properties of various catalysts. The first one 
is to study selective dehydration catalysts that will be necessary for successful development of 
1,6-hexanediol production; and the second one focuses on the understanding of selective 
catalytic dehydration of C6 sugars to produce 5-hydroxylmethylfurfural (HMF). 
Continued investigation of the dehydration pathways of 1,2,6-hexanetriol have found that the 
triol undergoes both acid-catalyzed dehydration and MPV-type hydride transfers over 
aluminosilicates. The formation of 6-hydroxyhexanal has been observed as a major dehydration 
product, and is proposed to be the primary source of hydride transfer products, namely 1,6-
hexanediol (MPV reduction) along with caprolactone and tetrahydropyran-2-formaldehyde 
(Oppenauer oxidation). Coordination of alcohols and and aldehyde bonds over alumina sites are 
proposed to be the primary driver of these hydride transfers.  Reaction studies of glycerol, 1,2,4-
butanetriol, and 1,2,5-pentanetriol have been carried out over amorphous silica-alumina to 
determine the effect of chain length. The general trend was for short molecules (3- and 4-carbon) 
to favor dehydration of primary hydroxyls, and for longer chain triols to dehydrate internal 
hydroxyls. 
For glucose dehydration to HMF, the influence of solution pH on the Lewis-acid-catalyzed 
dehydration reaction has been explored.  When using the water-sensitive metal salt, AlCl3, the 
initial rate dropped significantly when the solution pH was changed from 2.5 to 5.5; however, 
when using the water-stable Lewis acid YbCl3, the initial rate was comparable under different pH 
values studied. This difference could be explained from the different hydrolysis behavior of the 
two metal salts with YbCl3 being the more water-stable Lewis acid. 
 
T3.3  Deoxygenation of Carboxylic Acids 
Since fatty acids are readily produced by fermentation in Thrust 2, an efficient catalyst that 
converts fatty acids into α-olefins (plus CO and water) is desired. Alpha-olefins have established 
utility in a variety of applications such as co-monomers for the production of low-density 
polyethylene (LDPE), polypropylene and other polymeric materials; as precursors to detergents, 
CBiRC Fifth Annual Report
Volume I 82 April 10, 2013
synthetic oils and plasticizers; and in the production of many specialty chemicals. This project 
focuses on the use of heterogeneous catalysts for the selective conversion of biomass-derived 
lactones and carboxylic acids to -olefins.  We have successfully identified a catalyst and 
reaction conditions that produces α-olefins from carboxylic acids without the addition of small 
amounts of dihydrogen to maintain activity. More specifically, we have tested the liquid-phase 
and gas-phase conversion of heptanoic acid to 1-hexene on supported platinum on activated 
mesoporous Norit carbon. Liquid-phase reaction experiments were more selective towards the 
formation of isomers of 1-hexene, because of the rapid metal-catalyzed isomerization. High 
conversion experiments were more selective towards the formation of hexane. Furthermore, in 
liquid-phase reaction, the catalyst was very stable for a period of 120 hours at 573 K and 37 bar.  
The experiments performed on Pt/Norit C suggest that the rate of the decarbonylation reaction 
was not influenced by mass transfer limitation.   
A new methodology involving a solid-acid catalyzed decarboxylation reaction to produce -
olefins has been added to this project. We demonstrated the catalytic process for gamma 
valerolactone (GVL) to selectively produce 1-butene. In our previous studies, we observed that 
the presence of either a C=C or a lactone is necessary for appreciable rates of decarboxylation to 
occur. Our initial studies with a SiO2-Al2O3 catalyst (possessing both Brönsted and Lewis acid 
sites) revealed that although the catalyst offers high decarboxylation activity for GVL or its 
derivative pentenoic acids (PEA), it can also catalyze double bond isomerization in butene. In 
order to maximize the yield of 1-butene over SiO2-Al2O3 catalysts, it was found to be necessary 
to remove 1-butene by flowing an inert sweep gas through the reactor, or to work at low butene 
yields. In our recent work, we observed that by using a solid acid catalyst consisting primarily of 
Lewis acid sites such as γ-Al2O3, it was possible to selectivity produce 1-butene at higher total 
butane yields as compared to SiO2-Al2O3 catalyst and without the need to flow sweep gas 
through the reactor. 
 
T3.5  Ring Opening Reactions 
The overall goal of this work is to develop catalysts for the selective hydrogenolysis of 
heterocyclic compounds derived from biomass and to understand what controls the selectivity in 
these reactions.  The main challenge for achieving selective ring-opening of furans and pyrans is 
to selectively cleave specific C-O bonds in these molecules without the formation of other by-
products or further degradation of the desired product.  We have focused our studies on 
understanding the nature of the active site on a rhodium-rhenium catalyst which facilitates highly 
selective ring-opening of tetrahydropyran-2-methanol and tetrahydrofurfuryl alcohol to their 
respective α,ω-diols. Previously, our experimental data and quantum chemical calculations 
suggest that this catalyst has both acid and metal sites (i.e., bifunctional).  Our recent studies on 
this catalyst aim to provide more evidence for acidity and its correlation with C-O 
hydrogenolysis activity through the use of fructose dehydration as a probe reaction and 
correlating catalytic activity with acid site density changes with varying catalyst pretreatment 
temperatures. Our experimental work in the ring-opening of pyrones demonstrated that the ring-
opening and decarboxylation of certain 2-pyrones proceeded in the absence of catalyst with 
water as the solvent. To better understand the role of the solvent and chemistry behind ring-
opening and decarboxylation, experiments employing an aprotic and protic solvent, probe 
molecules, and the presence or absence of an acid catalyst were used to establish reactivity 
trends. Apparent activation energy barriers were also measured for selected reactions. 
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Mechanistic insight into ring-opening and decarboxylation were obtained through the use of 
quantum chemical calculations, and common reactivity rules for 2-pyrones established. 
 
T3.7  Hydrothermally Stable Catalysts and Supports 
A central challenge in synthesizing catalysts for production of bio-renewable chemicals is the 
development of catalysts and supports that are hydrothermally stable during aqueous-phase 
reactions.  Conventional catalysts and supports designed for gas-phase reactions may not be 
suitable for such reactions, particularly aqueous-phase reactions at temperatures in excess of 473 
K. Specifically, loss of surface area, aggregation of the support and sintering or leaching of the 
metal phase could be significant issues.  Hence, part of the catalyst tool chest for bio-renewable 
processing involves the development of stable catalysts and supports that can operate under 
aqueous conditions, with high activity and stability.  Over the past year, three different topics 
were investigated: 1. Coating of oxide supports with carbon, 2. Studying the structure and 
properties of sulfonated carbon by NMR spectroscopy, and 3. Embedding niobia nanoparticles in 
carbon spheres.  Sucrose was added to commercial silica or alumina (10 wt% carbon) and 
pyrolyzed to form the stabilized materials. For silica and carbon-silica, 0.5 wt% of Pd was 
deposited by room temperature alcohol reduction. Scanning transmission electron microscopy 
images of the alumina samples show that after hydrothermal treatment uncoated alumina loses 
70% of its surface area due to a phase transformation from -Al2O3 to boehmite (-AlOOH). In 
contrast, hydrothermal stability of alumina is significantly improved after carbon coating with no 
surface area loss, and alumina retains its  phase after hydrothermal treatment.  In addition, Pd is 
significantly more stable when supported on hydrothermally-stable carbon-coated-silica.  
Regarding the second topic, a suite of carbon and sulfonated-carbon materials were synthesized 
over a range of temperatures and conditions to test the effect of functional groups and carbon 
backbones on the hydrothermal stability of the sulfonate active sites.  We were able to 
successfully model average chemical structures of these materials on the order of several 
hundred atoms using advanced two-dimensional NMR experiments and quantitative 1-D 13C 
NMR spectra.  However, all of these materials had poor stability when subjected to hydrothermal 
conditions.  Work with model compounds strongly suggests that aromatic sulfonic acids are less 
stable than aliphatic sulfonic acids.  Finally, embedded niobia/carbon materials were tested as 
catalysts in the aqueous-phase butanol dehydration to butene at 240°C and 51 bar.  The high 
stability of the embedded niobia catalyst compared to commercial niobia is due to the strong 
interaction between niobia and carbon.   
 
T3.9  Pyrone Conversions 
The overall goal of this work is to identify reactions and catalysts that are useful in the 
upgrading of pyrones to produce commodity or fine chemicals.  Our work on pyrone upgrading 
revealed that the presence of small amounts of biogenic compounds in the reaction mixture 
resulted in decreased catalytic activity over metal catalyst for the hydrogenation of pyrones. This 
inhibitive effect of biogenic compounds was systematically examined through the use of 
controlled additions of amino acids to the reaction mixture and observation of their effect on 
catalytic activity.  The focus of subsequent work has been to develop a catalyst which is 
unaffected by such inhibition.  Experiments have focused on application of bimetallic alloys and 
polymer overcoating as a means of adding amino acid resistance to the hydrogenation catalyst.  
For example, a polymeric overcoating of the metal catalyst was used to provide a solid solvent 
permanently fixed above the metal site.  The environment provided by this solvent was chosen 
CBiRC Fifth Annual Report
Volume I 84 April 10, 2013
such that that it would be favorable for adsorption of triacetic acid lactone (TAL) but 
unfavorable for adsorption of highly polar amino acids.  Poly(vinyl alcohol) (PVA) has been 
chosen as an appropriate solid solvent that promotes adsorption of TAL while making adsorption 
of amino acids unfavorable.  The addition of tin to a Pd hydrogenation catalyst was also 
explored. From the standpoint of achieving an active catalyst which is stable over a wide range 
of amino acid concentrations, simple overcoating by PVA is the optimal strategy. Additionally, 
investigations using 13C solid-state NMR have been performed to gain insight about the 
mechanisms of catalyst inhibition by amino acids such as methionine. 
 
T3.10  Selective Oxidation to Di-acids 
This is a relatively new project that replaces the earlier one involving the selective 
hydrogenation of en-one compounds, which was phased out of the Center. Since one of the 
integrative test beds in CBiRC is the production of bi-functional molecules from sugars, the new 
project explores the oxidation of bifunctional terminal alcohols and aldehydes to produce di-
acids, which are useful monomers in the plastics industry as well as in other industries. A 
fundamental barrier for the production of diacids is a lack of mechanistic understanding of 
bifunctional alcohol oxidation over supported metals. Neither the kinetics of alcohol oxidation 
nor the deactivation of a supported metal catalyst has an established mechanistic model. Last 
year, a procedure was developed to hold the pH of the reaction relatively constant by the addition 
of an organic acid so that many different bifunctional alcohols could be compared on a consistent 
basis.  While the organic acid inhibited the alcohol oxidation rate by about 30% over Pt/C, the 
pH did not seem to have an effect on the rate of oxidation at pH lower than neutral. We 
compared the rate and selectivity for 2 carbon (2C) through 6 carbon (6C) α,ω-diol oxidation at 
identical conditions and a pH of 2.5 over Pt/C. The rate of oxidation was significantly higher for 
the 4C, 5C, and 6C diols compared to the 2C and 3C diols.  When the selectivities are compared 
at similar conversion (~20%), the longer carbon chain diols (4-6) formed mostly the aldehyde-
alcohol products, while the shorter carbon chain diols (2-3) produced mostly the γ-hydroxy acid.  
While the trends in initial alcohol oxidation rate are not perfectly consistent, the proximity of 
electron withdrawing groups appears to slow the rate of alcohol oxidation.  The fate of the 
supported Pt was also systematically explored to determine the cause of the decrease in activity 
after the first hour of reaction.  Characterization of the Pt particle size by TEM showed a 
negligible increase in particle size from 1.72 nm ± 1.20 nm before the reaction to 1.89 nm ± 1.45 
nm after the reaction, which does not account for the observed deactivation.  Over-oxidation of 
Pt was also ruled out as a possible cause of deactivation.  At this point, we suspect the Pt catalyst 
is deactivated by adsorption of side products formed in the reaction. 
 
T3.11  Migration of Functional Groups 
A key objective in this project is to develop efficient and robust catalysts for the conversion 
of biosynthetic, short chain unsaturated fatty acids into bifunctional commodity chemicals.  
Representative targets include organic diacids, which are useful precursors for the 
pharmaceutical and food industries.  For example, preparation of fragrances, polyamides, 
adhesives, lubricants, and polyesters are some of the key applications of diacids.  Current 
technology to convert unsaturated fatty acid esters involves a palladium catalyst that requires an 
expensive, air-sensitive phosphine ligand, high pressures of carbon monoxide, and high 
temperatures (130 oC).  Our approach for addressing these issues is to replace the phosphine 
ligand with N-heterocyclic carbenes, NHCs.  These NHCs have similar characteristics to 
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phosphines, but are relatively easy to prepare, have tunable bulkiness and electronic properties, 
and are more robust that phosphines. Synthesis of the N-heterocyclic carbene (NHC) ligands was 
accomplished by alkylation of benzimidazole.  The resulting benzimidazolium salts were readily 
metallated by the addition of palladium acetate, Pd(OAc)2, in the presence of base.  In examining 
the nature of the catalyst, it was found that alkoxycarbonylation of 1-hexene with CO in ethanol 
did not occur in the absence of NHC ligands.  The presence of Pd was necessary as the salt alone 
was inactive for carbonylation.  Work with a variety of acids in the system revealed that 100% 
alkoxycarbonylation could be obtained using a catalyst without any acid additive.  Pd-NHC-
catalyzed alkoxycarbonylation of additional olefins generally resulted in quantitative conversion 
of terminal olefins to ester product.  It is also important to note that alkoxycarbonylation of 
internal olefins was dramatically improved over systems that included an acid additive such as 
pyridinium methylsulfonate. 
 
New or Continuing Activities 
A variety of student-initiated projects and sponsored projects involve Thrust 3 participants.  
These include: 
 
ERC Projects: 
02-12F2 - Production of Monomers for Nylon-6,6 from Biorenewable Sugars  
02-12F3 - Applicability of Novel Heterogeneous Palladium Catalysts in Industrially-Relevant 
Organic Transformations 
02-12F5 - Design of Carbon Nanocoated Oxide Supports without Mass Transfer Limitations for 
Production of alpha Olefins from Carboxylic Acid 
33-12F3 - High Throughput Facility for Reaction Kinetics Measurements in the Development of 
Amino-Acid Tolerant Heterogeneous Catalysts 
 
Sponsored Projects: 
ERC - Small Business: Commercialization of Furanic-based Biorenewable Chemicals 
Grow Iowa Values Fund: Furanics-based Biorenewable Chemicals 
Selective Dehydration of Multifunctional Substrates 
Proof of Concept Initiative: Biobased Production of Terephthalic Acid 
Grow Iowa Values Fund: Catalytic Conversion Platform for Furan Derivatives 
 
Response to Major Weaknesses or Threats 
 
The list of ERC-sponsored core projects continues to evolve from those proposed initially in 
the Center.  Given the difficulty with metal-catalyzed decarbonylation of fatty acids to produce 
α-olefins (i.e. low rate, low selectivity, and low product value), the Thrust members discussed 
phasing out this project over the next year.  An alternative strategy for conversion of fatty acids 
is being discussed, such as selective hydrogenation to produce fatty alcohols. 
 
Highlights of Significant Achievements and Impacts 
 
1. George Kraus, Peter Keeling and Brent Shanks cofounded a company called SusTerea, based 
on coumalic acid (a pyrone) and its conversion to aromatic products. 
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2. A recent story in Chemical & Engineering News (“Teaming Up For Biobased Chemicals,” 
Aug. 6, 2102) quoted Brent Shanks regarding his perspectives on the future of biobased 
chemicals. 
3. In the same story, (“Teaming Up For Biobased Chemicals,” C&E News, Aug. 6, 2102) the 
work of James Dumesic on pyrone ring opening was discussed [“Triacetic Acid Lactone as a 
Potential Biorenewable Platform Chemical,” Chia et al., Green Chem. 14 (2012) 1850-1853.] 
4. A paper led by Abhaya Datye [“Improved Hydrothermal Stability of Mesoporous Oxides for 
Reactions in the Aqueous Phase,” Pham et al., Angew. Chem. Intl. Ed., 51 (2012) p. 13163-
13167.] was also featured recently in Chemical & Engineering News (Dec. 3, 2012). 
5. A paper led by Robert Davis [“Selective Oxidation of Alcohols and Aldehydes over 
Supported Metal Nanoparticles,” Davis et al., Green Chem. 15 (2013) p17-45.] was 
published with inside cover art. 
6. Jean-Philippe Tessonnier was featured in the “Movers and Shakers” column published in the 
November 2012 issue of The Catalyst Review (Vol. 25, Issue 11). 
 
 
 
Life Cycle Assessment of Biorenewable Chemicals (a Support Area) 
 
Faculty Participants 
 
Position Title Name Department Institution 
Area Leader Robert P. Anex Agricultural & 
Biosystems Eng. 
University of 
Wisconsin - Madison 
Faculty Investigator D. Raj Raman Agricultural & 
Biosystems Eng. 
Iowa State University 
 
Role of the Supporting Thrust in CBiRC 
 
The vision of CBiRC as articulated in the strategic plan includes developing new 
methodologies and tools to minimize the environmental burdens associated with biorenewable 
chemical production and to guide development toward an economically and environmentally 
sustainable biorenewable chemical industry. The Life Cycle Assessment (LCA) support area 
supports the other three thrusts and the testbeds through early-stage evaluations of economic and 
environmental feasibility of both the testbeds and emerging competing technologies. 
The faculty members associated with the LCA support area serve as “testbed champions” – 
Raman is champion for the Pyrone testbed and Anex is champion for the Carboxylic Acid and 
bifunctionals testbeds. The testbed champion’s role is to analyze the economic and 
environmental feasibility of the testbed over its full life cycle, and through these efforts to 
facilitate cross-thrust discussions. The process of gathering information from the thrusts is a 
collaborative exercise that involves researchers and students from all of the thrusts working 
together and negotiating expectations for performance of the integrated testbed. This process is a 
vital catalyst of center communication and integration. The testbed champions feedback to this 
process testbed performance analysis results based on the experimental data and estimates of the 
thrust experts. This iterative process of scientific discovery, integration, evaluation, and 
improvement forms the basis of a continuous, on-going conversation among the CBiRC thrusts, 
the testbeds, and the LCA team. 
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The CBiRC’s educational vision is to produce a new generation of engineers and scientists 
with education both in biorenewable chemical development and its interplay with the 
environment. Life Cycle Assessment is a tool that is used to evaluate whether or not an existing 
or proposed chemical process is truly sustainable by assessing its broader impacts. The LCA 
methods developed within CBiRC have been incorporated into CBiRC educational programs by 
K-12 teachers for their students, the Research Experiences for High School Teachers program, 
the REU program, an on-line LCA course, into presentations for Center-wide meetings and short 
modules for CBiRC graduate students. 
Within the Life Cycle Assessment support area we are applying a range of analysis 
techniques including techno-economic analysis, life cycle assessment, and quantitative structure-
activity relationship modeling to predict economic feasibility and environmental impact. As 
testbed pathways emerge within CBiRC, a key question is which to pursue for further 
development. Techno-economic analysis is being applied along with a screening form of LCA to 
provide this type of information by evaluating possible alternative process options. This 
evaluation not only provides a basis for comparing options, but helps identify the key 
technological bottlenecks and their resulting leverage on the sustainability of the biorenewable 
chemical products targeted in the testbeds. 
 
Research Methodology 
 
Research in the LCA area is proceeding on several fronts. We are developing methods to 
guide the development efforts of CBiRC early in the research process. We are also developing 
and applying methods applicable when more detailed pathway performance data are available. 
Finally, we are developing life cycle inventory databases that will allow full prospective life 
cycle assessment of CBiRC pathways and products. 
The question of how to guide research and development very early in the process is one that 
is rarely posed. Generally when there is an attempt to evaluate classes of reactions and pathways 
early in the research process, choices among technology pathways are driven by scientific 
curiosity or simple economic calculations neglecting environmental or other considerations. The 
optimal time to include environmental and economic factors in the design and development of 
new biorenewable chemicals and processes is in the early planning stages when improvements 
are more easily implemented and before large irreversible investments of time and effort have 
been made. However, economic and environmental data are difficult to estimate for processes 
during the early stages of development. Even for existing commodity chemicals, environmental 
and economic performance data are scarce because of confidentiality issues and missing 
information. In the life cycle assessment field various methods have been proposed to model 
process parameters, such as energy use, to fill data gaps. Other approaches have involved fitting 
of regression models to existing data sets or training neural networks to predict the performance 
of chemicals for which data do not exist. We are utilizing both approaches as we evaluate the 
CBiRC pathways and their non-renewable counterparts. The methods being developed in this 
LCA support area allow a more integrated evaluation across a broad range of possible pathways 
and products, and are applicable starting from very early in the research process. 
The evaluation procedure is iterative. At the earliest stages, we are applying what might be 
called ‘bounding analysis’ on both economic and environmental performance from a life cycle 
perspective. As we develop more detailed process models, we are then able to perform more 
thorough analyses.  
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As an example of analysis of biorenewable chemicals at their earliest stages of development, 
we have examined a range of biorenewable commodities and found that like other commodities, 
the production cost and environmental impact are both dominated by feedstock. Knowing this we 
can examine potential CBiRC products and the contribution of glucose production to their cost 
and environmental impact to identify which pathways have the largest margins and are therefore 
likely targets.  
Another example is from the thesis work of a CBiRC-funded graduate student who developed 
a simple engineering-economic model of for early-stage coarse technoeconomic evaluatnio of 
combined fermentation-catalytic processes.  
Strong TEA capabilities exist in currently available commercial tools such as Aspen 
Economic Analyzer™ and Intelligen SuperPro Designer™, both of which provide estimates of 
capital and operating costs. However, these tools also require a level of detail that is typically 
unavailable at early stages of process evaluation. Preliminary cost evaluation methods have been 
outlined by several authors, but we are unaware of any widely-available early-stage TEA models 
or tools for bio-based chemicals. To address this gap, we developed a spreadsheet-based model 
to provide early-stage TEAs of biorenewable chemicals, named BioPET (Biorenewables Process 
Evaluation Tool). A key objective in developing BioPET was ease of use and low data 
requirements for process evaluation. To apply the tool, users need a basic knowledge of each unit 
operation comprising the overall process. Once the tool was developed, we compared BioPET’s 
results to those from SuperPro Designer™ and from the BREW project  for a suite of three 
chemicals: ethanol, succinic acid, and adipic acid. Results showed that BioPET generally 
reproduced SuperPro Designer™ cost estimates using the same process assumptions, and that the 
differences between BioPET and the more detailed modeling software estimates were well 
within the uncertainty range of the cost estimates. Based on these results, we believe that 
BioPET can be used to do rational, early-stage TEAs of fermentative and fermentative-catalytic 
processes. 
It is clear that in addition to economic concerns, significant environmental impacts arise from 
the production of biorenwable chemicals (and their alternatives). A significant fraction of the 
environmental impacts is generated during the production of biomass feedstock. We have been 
developing life cycle inventory models for the production of sugar feedstocks appropriate for the 
U.S. In the next year we will combine these with our process models to perform prospective 
LCAs for the testbed pathways. 
 
Summary of Research Accomplishments 
 
We have developed and applied our early bounding methods to the Pyrone and Carboxylic 
Acid CBiRC testbeds, and are now addressing the Bifunctional testbed. We have developed unit 
process models for the testbed pathways.  A result of our investigation of the fermentation 
process is a method based on dimensionless groups for predicting the dynamics of batch 
simultaneous saccharification and fermentation processes. A manuscript detailing this 
methodology has been published in the Journal of Biological Systems (Raman and Anex, 2012). 
We have developed a spreadsheet-based model to provide early-stage TEAs of biorenewable 
chemicals, named BioPET (Biorenewables Process Evaluation Tool), and tested its performance 
against more detailed models of three biorenewable commodity chemicals. 
 We continue to involve the Center researchers, including students, in the process of testbed 
evaluation. We have continued conversations with Center industrial members to involve them in 
CBiRC Fifth Annual Report
Volume I 89 April 10, 2013
our LCA analyses. We feel that involving Center members in the techno-economic and 
environmental assessments is an effective way to ensure that all CBiRC members, but 
particularly the students, understand their role in achieving the Center vision. Through a 
collaborative and iterative process we have been able to complete early screening results for the 
testbeds that give CBiRC engineers and scientists performance targets that guide their research 
efforts. 
 
Response to Weaknesses or Threats from Prior Site Visit Report 
 
The SVT recommended that the LCA thrust area expand interaction with the IAB members 
and ensure that key process issues are identified and incorporated into the analyses. 
We agree with this suggestion and have been actively working to strengthen the interaction 
with the IAB in this area.  We had an extensive discussion with the IAB on this topic at the May 
meeting, which has led to in-depth follow up discussions with two member companies 
The SVT also recommended that LCA team’s efforts would be improved with additional 
expertise in separations.  
There is no question that separations are an important part of any chemical process and that 
we must consider what sort of separations processes will be required when we develop 
conversion technology.  However, we have limited core funding and do not feel that diverting 
resources from the biocatalysis/chemical catalysis research will benefit the center, because in so 
doing, we will be narrowing the scope of CBiRC’s work and its ability to be transformational.  
We do not envision CBiRC as a process development center. However, we do recognize the 
importance of separations role in defining what is feasible in the core biocatalysis/chemical 
catalysis areas.  We have undertaken what we are calling “feasible space” analysis that explicitly 
takes into account the separations challenges and uses them to define the feasible design space 
for the core catalytic technologies.  The product of the feasible space analysis is precisely what 
the SIV suggested in identifying the need to identify strain development trade-offs (e.g., yield 
versus titer).  We have undertaken feasible space analysis for the Carboxylic Acid testbed and if 
found to be successful and informative, we will expand it to the other testbeds.  
 
References 
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Highlights of Significant Achievements and Impacts 
 
1. LCA team members had four meetings with different member-companies to discuss the 
early-stage technoeconomic modeling work. 
2. The work of one CBiRC graduate student doing early-stage technoeconomic modeling of 
bioprocesses was presented at three national meetings. 
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3. University and Pre-College Education Programs 
 
 CBiRC has core partner with a relatively small number of faculty at each. From an 
educational programming standpoint, this situation creates a “critical-mass” challenge, which we 
have met through a variety of means.  The following matrix demonstrates how we have 
successfully provided programming across the center, at pre-college, undergraduate, and 
graduate levels.  
Fig. 3.0.  Cross-ERC Education Activities Matrix 
Institution 
Course 
Materials 
(New & 
On-going 
Courses) 
Degree Programs 
REU RET 
Young 
Scholar 
Pre-
College 
Practitioner 
Education 
BR C 
Graduate 
Minor 
BR C 
Graduate 
Certificate 
Iowa State         
Cal - Irvine         
Michigan         
New Mexico         
Penn State         
Rice         
Salk         
Virginia         
Wisconsin         
Key: 
  Currently in place   New this year   To be offered in a future year 
 
 
3.1 University Education Program 
 
Guiding hypotheses for how CBiRC will develop creative, adaptive and innovative engineers 
who can serve as technology leaders and succeed in a global economy 
The education literature contains diverse perspectives and definitions of creativity and 
innovation, and lacks standardized measurement approaches for either. Instead, the literature 
suggests that innovation, creativity, and adaptability are contextual constructs. In CBiRC’s case, 
our guiding hypotheses – or perhaps more accurately, guiding principles (GPs) – grew out of 
the century-plus of engineering educational experience of the project team, combined with an 
understanding of the disciplinary area within CBiRC’s boundaries. We have developed a series 
of programs and activities whose goals are to provide students with training that addresses 
these principles. We postulate that innovative, adaptive, and creative engineers will: (1) Possess 
a deep understanding of fundamental principles honed by hands-on experiences in design 
courses, in the lab, and/or in industrial internship settings. These experiences and understanding 
of fundamental principles will make them willing tinkerers and critical thinkers who are 
continuously improving the systems on which they work. (2) Have a cross-disciplinary education 
with sufficient breadth to allow serious consideration of alternative solutions. In CBiRC’s 
context, this means that they will be able to see the wide-ranging potential for both chemical and 
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biological catalysis for the production of biorenewable chemicals. (3) Understand that economic 
and environmental constraints are central to the practice of engineering, and be capable of 
evaluating their work based on economic and environmental criteria. (4) Be aware of broader 
issues of sustainability and global ethics, and thereby have a sense of purpose and understanding 
that CBiRC’s efforts are important to humanity’s future.  
Guiding principle #1 reflects our understanding that creativity is an innate human quality 
(McCrae, 1987; O’Hara & Sternberg, 1999) but that its expression in a particular field requires 
the mastery of the fundamental principles that apply to that field (Dorst & Cross, 2001). 
Furthermore, a wide range of literature supports the idea that hands-on experiences enhance 
disciplinary understanding in engineering and science (Barak & Dori, 2004; Carter et al., 2009; 
Kirby et al., 2006; Pratap & Salah, 2001; Sadler et al., 2009; Seymour et al., 2004). Guiding 
principle #2 relates to both creativity and adaptivity, and reflects our understanding that the 
breadth of an engineer’s knowledge limits the scope of solutions that he or she can propose 
(Kahn & Pullen, 2007; Lindsay, 2008; Lock et al., 2009; Yeary et al., 2007). Thus, it is the 
combination of fundamental understanding and breadth of training that can truly increase the 
creativity and adaptivity of engineers. Furthermore, using one’s creativity to innovate requires an 
understanding of the larger social, environmental, and economic context in which products are 
developed (Hunter et al., 2006; Wallin & Sauer, 2009). This understanding motivates both GPs 
#3 and #4. 
 
Programs, activities, and assessment methodologies (formative & summative) to test the 
hypotheses 
To test the effectiveness of these guiding principles, the University Education (UED) 
program has developed and implemented three programs: an REU, a graduate minor (and in 
2010 a graduate certificate that allows graduate students at partner institutions to have access to a 
similar opportunity), and a whole-center student seminar series. The CBiRC-centered REU 
program was inaugurated in summer 2009 with six students, all of whom worked in ISU labs. In 
2010, 16 students participated in the program (this large number enabled in part by three students 
funded by an associated project), with six of the participants doing their lab experiences at 
partner institutions (University of New Mexico and Rice University). In 2011, 14 students 
participated in the program, with five of the participants working at partner institutions 
(University of California, Irvine, and University of Wisconsin – the two UCI actually did 2.5 
weeks at the Salk Institute prior to going to UCI to accommodate the late end of spring quarter at 
UCI). In 2012, 14 students participated, with four of the participants working at partner 
institutions (Rice University and University of Virginia). We will use the same multi-campus 
model in summer 2013 working with UCI and UW. By the end of the 2013 summer effort, we 
will have sent students to Rice [2 PI’s], UCI [2 PI’s], UNM [1 PI], UVA [2 PI’s], and UWM 
[2 PI’s]. We prefer sending students to dual-PI institutions because we can send two to four 
students and provide a stronger cohort experience for them. 
In February, 2010, the lead institution received formal university approval for a novel 14-
credit hour Graduate Minor in Biorenewable Chemicals. In Fall 2010, we received permission to 
use the new “BR C” (for BioRenewable Chemicals) course designator at Iowa State University 
for courses specific to the minor. In October 2010, after several months of exploring the 
possibilities of replicating graduate minor at partner institutions, we developed a Graduate 
Certificate Program for students at any CBiRC partner institution. Although CBiRC has 
outstanding and highly collaborative faculty at six partner institutions and two affiliated 
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institutions, none of the partner institutions have more than two CBiRC faculty members. For this 
reason, the faculty and staff infrastructure needed to create a new graduate minor (if such 
structures are even possible at a campus; they were not allowed at some partners) was simply not 
available at partners. By developing a stand-alone Graduate Certificate program administered 
centrally by CBiRC, we were able to overcome this problem. 
The REU program uses a combination of closely mentored CBiRC-relevant lab work and 
thrust-specific seminars to provide a deep understanding of fundamental principles honed by 
hands-on experiences. In 2012 we developed and delivered a podcast for REU mentor 
training (link http://vimeo.com/36574753, password is BRLRaman). This podcast was followed 
by a face-to-face and electronic (for offsite mentors) discussion about mentoring approaches. We 
have shared the REU mentoring video with other REU programs, and have recently 
embarked on a research project based on the hypothesis developed in the podcast. 
Specifically, based on the first five years of experience with the REU program (and with another 
50-student internship summers worth of experience overseeing or hosting students), we 
hypothesized that good mentoring of REU students is characterized by six key actions, namely: 
(1) prioritizing safety – both training students and demonstrating it personally; (2) being 
prepared for REU to arrive – having a well-defined project with a realistic, but non-trivial scope, 
and having necessary literature, equipment, and supplies available; (3) literally being available to 
the REU regularly (i.e., no absentee landlords); (4) being positive – emphasizing what’s working 
and correcting errors in a positive way; (5) being proactive by staying engaged in the REU’s 
work all summer long; and (6) keeping a beginner’s mind – being patient with questions, and 
taking on the challenge of explaining one’s work to a neophyte. We are testing these hypotheses 
on a cohort of ~ 80 students from the 2012 REU (and similar) programs at CBiRC’s lead 
institution. Our approach to test this hypothesis is to survey ISU REU participants from the 
summer of 2012 to evaluate (a) the degree to which their mentors exhibited these key actions, 
and (2) their overall quality of experience. We have ISU IRB approval for this project. We 
believe that by identifying these key actions, we can better prepare our mentors, and have more 
successful program outcomes. The REU seminar series continues to addresses our goal of 
providing cross-disciplinary education, as students learn from multiple CBiRC PI’s. REU 
seminar series lectures on life cycle analysis and about sources and challenges of biorenewable 
resources provide economic and environmental context, and introduce ideas of sustainability. In 
2011 and 2012 we provided a talk entitled “Graduate School: Why You Should Go, and How 
You Can Get There!” which generated tremendous student interest, and was then used in two 
other REU’s on the Iowa State Campus. The end-of-program posters and presentation session 
offers an opportunity to highlight the learning and accomplishments of each REU participant. In 
2011, off-site students requested that in future years, they be able to return to the ISU campus for 
this culminating opportunity. We budgeted for this in 2012 and students were grateful for the 
opportunity to come back to the lead institution to share their work; we will continue this aspect 
of the program in forthcoming years. 
The Graduate Minor in Biorenewable Chemicals allows graduate students (primarily Ph.D.-
seeking students) from a variety of allied disciplines to understand the opportunities for developing 
biorenewable chemicals via a combination of biocatalytic and chemical catalysis steps, motivated by 
our desire to provide a cross-disciplinary education with sufficient breadth to support serious 
consideration of alternative solutions. Hands-on research experiences in CBiRC labs (and 
potentially in industrial settings, though intellectual property issues make placement of advanced 
graduate students challenging) provides students a deep understanding of fundamental principles. 
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Required coursework provides background in the general issues related to production and processing 
of biorenewable resources (Fundamentals of Biorenewable Resources and Technology, 
3 cr.), exposure to the economic and environmental realities of the chemical industry (The Evolving 
Chemical Industry, 1 cr.), and explicit training in CBiRC’s core intellectual area – the combination of 
biological and chemical catalysis (Biological and Chemical Catalysis, 3 cr.). The new course offered 
by CBiRC’s ILO Dr. Peter Keeling (BR C 507, Entrepreneurship in Biorenewable Chemicals) was 
designed to develop an understanding of discovery research and its relationship to entrepreneurship 
and innovation in the broad area of biorenewables. The course was offered in Spring 2011 and again 
in Spring 2012. In early 2012 the course was made a requirement in the ISU Biorenewable Resources 
and Technology Interdepartmental Graduate Major and Minor, which is a decade old program 
focusing on biorenewables from multiple standpoints. Participants in the BR C 507 course learn the 
critical importance of developing a sound techno-commercial analysis and evaluation of intellectual 
property, as well as how to utilize local resources in entrepreneurship. Balancing of student 
knowledge in areas outside their own disciplines comes from a requirement to take at least six hours 
of coursework from two of the three thrust areas (Table 3.1 lists the courses associated with each 
thrust at the lead institution). Additional professional training of students in the graduate minor occurs 
through the annual CBiRC center-wide working meeting, where students present posters and learn 
about one another’s research findings, and thereby gain a better appreciation for both chemical and 
biological catalysis routes for producing biorenewable chemicals. We created the biorenewable 
chemicals minor in good faith, and at the request of the site visit team during the pre-award site visit. 
We worried that especially in high-research productivity labs (as are typified by CBiRC), that any 
additional coursework requirements for graduate students would be a barrier to entry. We tried to 
minimize this barrier through the selection of only 8 credits of “additional” coursework, but we have 
found that despite these efforts, enrollment in the graduate minor has not been as strong as we hoped. 
Current (2013 spring) enrollment in the minor is five students. Some of this low enrollment reflects 
the inability of advanced graduate students (that is, those who had completed their preliminary exams 
before the minor was approved) to join in the minor – this might have added three or four more 
students to the pool. Certificate program students from other campuses comprise an additional five 
students. What is interesting is that some of the required coursework, and especially the two 1-h 
courses (The Evolving Chemical Industry and Entrepreneurship in Biorenewable Chemicals) have 
been fairly heavily subscribed, suggesting the content is interesting to a wider array of students 
than are willing to take on a formal graduate minor. In fact, the Entrepreneurship class has proved 
so interesting , with student enrollment at eight in 2011, 10 in 2012, and 11 in 2013, that the ISU 
Interdepartmental Graduate Major of Biorenewable Resources and Technology (which frankly 
served as a template for the BR C minor) has made the Entrepreneurship class a required course! 
  
CBiRC Fifth Annual Report
Volume I 94 April 10, 2013
Table 3.1.  Thrust-course mapping for graduate minor program at lead institution. 
Course Title Thrust 1 Thrust 2 Thrust 3 
BBMB 404 Biochemistry I X   
BBMB 405 Biochemistry II X   
BBMB 531 Structure and Reactivity of Biomolecules X   
BBMB 541 Computational Biochemistry  X  
BBMB 569 Bioinformatics III (Structural Genome Informatics)  X  
BBMB 607 Plant Biochemistry X   
BBMB 622 Carbohydrate Chemistry X   
BBMB 642 Mechanisms of Enzymatic Catalysis X   
BCB 444/544 Introduction to Bioinformatics  X  
BCB 567. Bioinformatics I (Fund. of Genome Informatics)  X  
BCB 570 Systems Biology  X  
BioE 4xx Systems Biology for Engineers 
(Under development, number not yet assigned) 
 X  
Ch E 688 Catalysis and Catalytic Processes   X 
Ch E 382 Reaction Engineering   X 
Ch E 515 Biochemical Engineering  X  
Ch E 562 Bioseparations  X  
Ch E 625 Metabolic Engineering  X  
Chem 572 Organic Spectroscopy   X 
Chem 574 Organometallic Chemistry   X 
 
We developed a hybrid logic model to summarize the relationships between CBiRC’s 
university educational activities and our guiding principles, and presented a version of that in the 
2010 annual report. The updated model presented in Figure 3.1 depicts the UED program’s 
efforts and potential changes that it intends to achieve (Kellogg Foundation, 2004), and 
accommodates the dynamic, multi-faceted, and evolving nature of the program. Perrin (2000) 
noted the need “for a new conceptual model for discussing and evaluating public science that 
acknowledges that the nature of the impact of innovation is mediated through context and 
interaction with many other activities.” By integrating ‘theory’ and ‘activity’ types of logic 
models, the hybrid model addresses Perrin’s requirements, allowing a method of visualizing the 
nature and breadth of the program’s efforts and desired impacts. 
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Figure 3.1. Hybrid Logic Model. Light yellow represents REU-related activities, light blue 
represents graduate minor-related activities, and light green represents activities related to both the 
REU and the graduate minor. White boxes are guiding principles. 
 
The hybrid logic model shows causal links between the program’s overarching goal, working 
principles, and activities. Lines link conceptual constructs to activities, using the following 
scheme: Thick lines link hypotheses to goals. Dark gray lines link activities to the primary 
hypotheses served, and light gray lines link activities to secondary hypotheses served. 
As shown in Figure 3.1, the REU program relies on all four guiding principles. Specifically, 
the lab work, which is central to any REU experience, hones hands-on experiences (addressing 
GP #1) and engenders comfort tinkering. A series of thrust-specific lectures from faculty expose 
the REU students to CBiRC’s interdisciplinary nature (addressing GP #2). Additional lectures on 
life-cycle analysis and on the challenges of biorenewables in a global context address GP #3 and 
#4. 
The graduate minor program is informed by all four of CBiRC’s guiding principles regarding 
innovative, adaptive, and creative engineers. Specifically, research labs and companies provide 
hands-on experiences, thus making students comfortable with thinking critically and with 
tinkering (GP#1). The new graduate course in chemical and biological catalysis and requirement 
of taking additional coursework in two of the three thrust areas exposes all graduate minors to 
the importance of interdisciplinary work in achieving CBiRC’s goals (GP #2). The new graduate 
course in the evolving chemical industry, along with the required course in fundamentals of 
biorenewable resources, provide grounding in the importance of economic and environmental 
constraints (GP #3) in the development of biorenewable chemicals. Finally, seminars and the 
fundamentals of biorenewable resources course will consider broader issues of sustainability (GP 
#4). 
To test how well the activities selected are addressing our guiding principles, CBiRC is 
conducting formative and summative assessments at multiple points along the trajectory of 
students in our educational programs using a mixed-method approach (quantitative/qualitative) 
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to data collection and analysis. In the REU program, students self-assess on the first day of the 
program, at the end of the program, and six months after the end of the program (in 2009 we 
used an additional mid-summer survey, but survey burnout prompted us to remove this for 
subsequent years). These formative assessments provide insights into how students are 
progressing through the REU experience, and are online surveys comprised of a combination of 
quantitative questions growing directly out of the guiding principles (e.g., they are asked to rate 
their level of comfort tinkering in the lab) and open-ended questions to share their perspectives 
in their own voices. In addition, mentor surveys (of graduate students, professional staff and 
faculty) are conducted at the end of the program to understand any professional gains associated 
with REU involvement, and to determine mentors’ perceptions of REU student achievement in 
STEM content and associated research skills. Additionally, follow-up surveys of REU 
participants and mentors provide a reporting of collaborative efforts to produce scholarly output. 
Together, the multiple student self-assessments and the mentor surveys provide a summative 
assessment of a single year’s REU, and enable us to assess outcomes and examine how well the 
program is meeting stated goals, and to make changes to improve the program for the following 
year. 
The graduate minor employs a similar multiple-stage assessment process. Table 3.2 
summarizes some of the key assessments for the program. 
 
Table 3.2.  Assessment methods for Graduate Minor in Biorenewable Chemicals. 
Assessment Type Target 
When 
Conducted? 
Guiding 
Principle 
Evaluated 
Primary Question 
to be Answered 
Student self evaluation Students in 
Chem/Bio 
Catalysis 
Beginning and end 
of course (started 
Jan. 2010) 
#1 Is course giving students 
insight into both 
biological and chemical 
catalytic routes? 
Reflective journaling Students in 
Chem/Bio 
Catalysis 
Middle and end of 
course (Begin late 
Feb. 2010) 
#1 Is course giving students 
insight into both 
biological and chemical 
catalytic routes? 
All-student survey Overall 
research 
experience 
Ongoing, annually, 
first survey 
completed summer 
2009 
All Effects of research 
experiences on research 
skills 
Web of Science analysis of 
publications by Graduate 
Minor participants in 
comparison to non-GM 
participants in same 
departments 
All CBiRC 
Graduate 
Minor 
1 year after first 
graduate of 
program (PY6 
likely) 
 
#1, #2 Are CBiRC Graduate 
Minor students innovating 
and publishing 
innovations in high impact 
factor journals?  
 
 
Progress and Plans 
 
CBiRC conducted REU programs at ISU in the summer of 2009, and followed with a unique 
“ISU and beyond” REU that initiated REU’s at Rice University and University of New Mexico 
(2010), at Salk Institute/University of California Irvine and University of Wisconsin (2011), at 
University of Virginia and Rice University in 2012, and that will send students to UCI and UW 
in 2013. In all years we recruited students via a CBiRC website, by soliciting CBiRC partners, by 
e-mail to faculty at minority serving institutions, and by direct e-mails to underrepresented 
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minority students who participated in recruitment activities at ISU. In the first three years (PY1-
PY3), we partnered with the ISU Summer Program for Enhancing Engineering Development 
(SPEED) Research Track joining the REU program. The SPEED program is a transition program 
for incoming underrepresented freshmen students in the College of Engineering. However, at the 
request of the 3rd-year Site Visit Team and Program Director, we discontinued the REU-SPEED 
funding link in 2012. 
The REU lecture series included a CBiRC overview, biorenewables, bioethics, and 
introductory life cycle analysis. Workshop topics included bioethics, communications, technical 
writing, graduate school, virtual reality experience, and engineering in the bioeconomy. REU 
students actively participated in their individual lab team meetings where they shared project 
progress. The REU poster session was a culminating event of the program. At the time of this 
writing, the 2013 REU planning is well underway, and this year’s REU’s will go to partner labs 
at University of California—Irvine and the University of Wisconsin, along with multiple ISU 
labs. 
In the Spring of 2010, the 3-credit hour Ch E 688 Catalysis and Catalytic Processes course 
was modified and offered on-campus and online to the students at the lead (ISU) and two partner 
institutions (U-VA and U-NM). This course provides a survey of catalysis fundamentals for both 
heterogeneous catalysts and biocatalysts relative to synthesis, characterization, and reaction 
testing, including discussions about the analogies and differences between heterogeneous 
catalysts and biocatalysts. The course is being offered in Spring 2013 again and enrolls 17 
students from Chemical Engineering, Chemistry, Mechanical Engineering and Biochemistry. 
The 1-credit hour Evolving Chemical Industry course was offered in August 2010 and provided 
students with an understanding of the realities of industrial chemical production that is often absent in 
chemical engineering and related curricula. CBiRC Director Brent Shanks taught the course, which 
was available via distance-education to our partner institutions. His decade of experience in a large 
multinational chemical company is the core knowledge base for the class. The class will be offered 
again in August 2013. 
As originally written and approved for the graduate minor, we envisioned additional industrial 
experience to be provided by internships for CBiRC graduate students with the Center’s industry 
members. However, our industry members have had a slow start with internships, and as an 
alternative, we developed a 1-credit Entrepreneurship in Biorenewable Chemicals course with 
leadership from the Innovation Ecosystem Director Peter Keeling, assisted by CBiRC Innovation 
Partners (ISU Research Park, ISU Office of Intellectual Property and Technology Transfer, Small 
Business Administration, Small Business Innovation Research). This course was offered in January 
2011 in an online format, so that CBiRC students across multiple campuses can take part. Topics 
included fostering innovation and entrepreneurship in technology organizations; understanding how 
the risk versus reward equation is formulated around a critical techno-commercial analysis during 
business commercialization planning; learning how to go about founding a company and securing 
initial funding to make progress toward a sustainable new business; exploring how to use and reach 
out to local resources and organizations that provide the support and tolls necessary for building and 
improving new businesses; and understanding the importance of intellectual property and technology 
transfer in the context of writing a business plan and communicating with potential investors. 
Although this 1-credit course replaces the graduate minor requirement for a 1-credit Entrepreneurial 
Internship, we continue to strive to place CBiRC students in internships with member companies.  
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The lead institution approved the graduate minor in February 2010. Currently, five students 
at Iowa State University have opted for the program (advanced graduate students could not 
switch into the minor because they had already taken their preliminary exam). 
Through the SLC, CBiRC-affiliated graduate students expressed their interest in the graduate 
minor, and requested the minor be available at partner institutions. Approval of cross-university 
minors was not possible, but we formulated and implemented a vision in which any CBiRC 
student – regardless of home institution – can take the core courses online at no additional tuition 
cost. 
To extend CBiRC’s university educational impacts beyond the REU and graduate minor, a 
CBiRC Student Seminar Series has been created. The purpose of this series is to foster 
communication and interaction among students across partner institutions and the industrial 
advisory board (IAB) members. The CBiRC SLC volunteered to organize the seminars in 2009. 
The seminar format is to have monthly, 1-hour, and web-based meetings, which in some months 
instead had presentations from our IAB. Each seminar is planned and coordinated according to a 
chosen topic suggested by the students. The seminars are categorized as either a student seminar 
or as an IAB seminar. In the student seminar, a student presents a technical topic (such as mass 
spectroscopy) for 30-40 minutes. A discussion follows the presentation. The format for the IAB 
seminars is that a student in the area related to the presenting company first presents for 10 
minutes to introduce his research area. This promotes an active discussion between the students 
and the industry partner. The member company gives a 30-40 minute presentation along with a 
discussion afterwards. The topics in the IAB seminars have varied from an introduction of the 
member company to how industry conducts innovation. All CBiRC technical members – faculty, 
postdocs, scientists, graduate students, and undergraduates – are encouraged to participate in the 
seminars. 
 
Evaluation Results 
 
REU Evaluation 
The CBiRC REU evaluations aim to assess changes in the REU students’ perceptions on 
research and interpersonal skills, changes in their perceptions related to individual research 
projects and connection with the CBiRC community, gains in their understanding of CBiRC 
research, and gains in knowledge of research methods, data interpretation and justification, and 
communication of results across disciplines. Additionally, the evaluations attempt to capture the 
mentors’ perspectives on their mentoring experiences and the REU students’ overall learning 
accomplishments. 
Online surveys were utilized for the pre-program, post-program, and follow-up data 
collection. The survey instruments used in 2012 were based on those used in 2010 and 2011 and 
were originally developed for the 2009 summer program by the program’s evaluators in 
collaboration with the CBiRC PI for the university educational programs. The pre-program 
survey consisted of 20 items. Six of the questions can be classified as demographic, four were 
open-ended questions that asked the REU students about how they had learned about the 
program, their expectations for participating in it, their career aspirations, and the potential 
impact of the program’s experiences on their career. Nine closed-ended questions were 
developed to learn about the students’ (1) decision to take part in the program, (2) prior 
involvement in research projects, (3) prior participation in various research-related activities, (4) 
perceptions on research and interpersonal skills, (5) understanding of CBiRC research, (6) 
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knowledge about the processes that drive research, (7) their plans for Fall semester of 2012, (8) 
their plans after graduating, and (9) what sector of employment they wish to pursue. The post-
program survey was comprised of 24 items, 10 of which were open-ended questions. In 
addition to following up on three of the open-ended questions of the pre-program survey 
(program expectations, career aspirations and CBiRC’s influence on career choice), the students 
were asked to share their accomplishments in the program, thoughts about strong and weak parts 
of the ethics workshops, suggestions on how to improve the ethics workshop, perspectives about 
their most rewarding experiences and challenges of the program, and to suggest improvements in 
next year’s program. The 2009-2011 follow-up surveys included six closed-ended questions and 
two open-ended questions designed to learn about students’ participation in research in the 
semester following the REU, the value of CBiRC activities for students in the semester following 
the REU, and students’ plans to continue participating in research related activities in the future. 
here. [Note that the follow-up surveys typically are conducted annually in February. The follow-
up of the 2012 cohort is currently being conducted and will be reported in PY6.] 
The ability to conduct and communicate interdisciplinary research is a cornerstone of 
CBiRC’s mission. In the REU pre-program and post-program surveys, students were asked to 
rank various statements related to their perceived ability to conduct research, communicate 
research findings, and interpret information derived from multiple sources. Twenty-two 
statements were ranked on a four-point scale to determine student comfort or familiarity with 
concepts or behaviors desirable in a CBiRC researcher. With the exception of a question 
regarding students’ comfort towards ideas and beliefs different than their own, post-program 
mean scores were generally higher than pre-program mean scores. Prior to participation, mean 
scores were generally highest for those statements relating for diverse interpersonal skills (e.g., I 
am comfortable thinking about ideas and beliefs different from my own, I effectively and 
comfortably interact with people from other cultures or ethnic groups, and I have a good 
understanding of diverse cultures and values). There were high post-program means for all 
questions, with the exception of the lowest overall post-program scores, which were statements 
that were related to research reports and potential to be a science teacher. Additionally, in order 
to determine perceived competency in various research related skill sets, students were asked to 
rate their understanding of skills related to the research process, including safety protocols, use 
of scientific literature, statistics, ethics, and technical communication skills. After the program 
students felt most informed regarding research ethics and technical writing. Students were least 
informed regarding interdisciplinary terms and language, as well as the use of statistics in 
research. 
The main goal of the CBiRC REU program is to produce technical professionals capable of 
moving the US chemical industry toward a more sustainable model of production based on 
biorenewable feedstocks. In order to accomplish this goal, fundamental scientific paradigms and 
practices must be addressed during REU training. Although many of the students who participate 
in the CBiRC REU program do have some amount of previous laboratory training, pre-program 
survey data suggest students generally do not know how to apply scientific concepts they learn in 
laboratory courses or in undergraduate researcher jobs to a wide array of research contexts. 
We utilized paired t-tests to determine which of the quantitative questions from the 2012 
REU pre-program and post-program surveys showed a significant improvement in self-reported 
scores. Analysis of the summer 2012 CBiRC REU data show that students learned basic and 
advanced principles related to their field of study. For instance, students learned basics about a 
range of issues including interdisciplinary research, graduate education options, ethics, scientific 
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theory, and also became more comfortable with their ability to work in the laboratory setting 
(Figure 3.2). The REU undergraduates made significant progress in their ability to apply a range 
of basic research skills to scientific problems (Figure 3.3), including how to use protocols, 
conduct ethical research, use statistics, understand technical writing requirements, and 
communicate technical information. Additionally, students gained several advanced research 
skills (Figure 3.4). These included how to apply the scientific method, ask questions to clarify a 
problem, avoid bias and subjectivity, and use figures and graphs. 
 
 
 
Figure 3.2. Basic Changes in Student Perceptions about Field of Study. Students became more comfortable with 
multiple areas in their field of study (n=14, p < 0.05). 
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Figure 3.3. Gains in Research Skills During the 2012 CBiRC REU. Students in the 2012 program reported 
significant improvements in their technical research skills by the end of the program. The Y-axis quantifies mean 
responses to the statements listed in this question from the pre-program and post-program surveys (n=14, p < 0.05). 
 
 
 
 
Figure 3.4. Changes in Advanced Research Skills. Students reported significant increases in their understanding 
of advanced research skills, including applying the scientific method, asking questions, avoiding bias, and using 
graphs and figures. The post-program survey mean is the right side data point; the pre-program survey mean is on 
the left (n=14, p < 0.05). 
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Quantitative Results Compared Across Cohorts (2009, 2010, 2011, and 2012) 
 
The following charts detail changes in basic (Figure 3.5) and advanced (Figure 3.6) research 
skills across the four cohorts, as well as all four cohorts combined1. The 2009 cohort had nine 
students, 2010 cohort had 16 students, the 2011 cohort had 14 students, and the 2012 cohort had 
14 students. These students had different backgrounds, research projects, and different REU 
mentors. For both basic and advanced research skills, the combined cohorts recorded significant 
changes from pre-program to post-program for all items. 
 
 
Figure 3.5. Changes in Basic Research Skills across REU cohorts. Visualization of change in pre-program to post-
program survey student rated scores for basic research skills in 2009 (blue), 2010 (red), 2011 (green), 2012 (purple) and 
combined cohorts (2009-2012; teal). The X-axis indicates the average difference between pre-program and post-program 
scores. Because each cohort differed in student number, student characteristics, and REU projects/mentor characteristics, 
extreme variation between years is not attributable to a single factor. Level of significance was determined by paired t-
tests on the pre-program and post-program survey data, and is indicated by asterisks where P<0.0001 = ****, P<0.001 = 
***, P<0.01 = **, P<0.05 = *. The absence of asterisks indicates the change depicted on the chart was not significant in t-
tests. 
                                                          
1 It is noteworthy that in the 2010 cohort, two students at the ISU site had strong personality clashes that were described to 
Program Director Raman late in the program. It was his impression that a somewhat dysfunctional social situation with the 2010 
cohort spilled over into their perceptions of the program. The 2010 experience led us to institute phone interviews prior to offers, 
and to being explicit about the importance of camaraderie in the program.] Since these practices have been implemented, the 
2011 and 2012 cohorts have seen improvement, both in the social atmosphere of the program and students’ reported gains. 
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Figure 3.6. Changes in Advanced Research Skills across REU Cohorts. Visualization of change in pre-program 
to post-program survey student rated scores for advanced research skills in 2009 (blue), 2010 (red), 2011 (green), 
2012 (purple) and combined cohorts (2009-2012; teal). The X-axis indicates the average difference between pre-
program and post-program scores. Because each cohort differed in student number, student characteristics, and REU 
projects/mentor characteristics, extreme variation between years is not attributable to a single factor. Level of 
significance was determined by paired t-tests on the pre-program and post-program survey data, and is indicated by 
asterisks where P<0.0001 = ****, P<0.001 = ***, P<0.01 = **, P<0.05 = *. The absence of asterisks indicates the 
change depicted on the chart was not significant in t-tests. Students were not asked about their understanding of 
biological and chemical catalysts in the 2012 cohort. 
  
*
***
**
*
*
*
*
**
**
*
**
*
*
*
**
****
***
**
***
*
**
***
**
0.00 0.20 0.40 0.60 0.80 1.00
Applying the Scientific Method
Analyzing and Interpreting Data
Asking Research Questions
Writing Research Reports
Objectivity in Reporting
Use of Figures and Graphs
Presenting Research to Audiences
Understanding of Biological and 
Chemical Catalysts
Change in Advanced Research Skills Across Cohorts
REU 2009-2012
REU 2012
REU 2011
REU 2010
REU 2009
CBiRC Fifth Annual Report
Volume I 104 April 10, 2013
REU Students’ Comments Regarding the 2012 Program 
 
Overall, REU students were pleased with their research experience in 2012, and they 
appeared to either want to continue their previous career goals or were more influenced to pursue 
a research or engineering route. From the post-program survey: 
 Eighty-six percent of students (12 of 14) planned to attend graduate school (the two 
remaining students remained unsure of what they wanted to do). 
 Nearly half (43%) planned to pursue an academic career, while 7% planned to go into 
industry and 29% planned to pursue a medical career (the three remaining students 
indicated miscellaneous career goals). 
The REU students were asked how the REU affected their future schooling and career goals; 
they generally stated that they were highly impacted due to having more information about 
graduate school, engineering career options, and having obtained more laboratory experience.  
 I am now much more seriously considering grad school, now that I know what it 
entails. 
 This REU helped me think about the possibilities of grad school and how many 
different opportunities there are. 
 I plan to apply for graduate school. I was leaning in this direction, and this REU 
further confirmed this career choice. 
 
Students’ Follow-Up Responses Compared Across Cohorts (2009, 2010, and 2011) 
 
Thirty-one CBiRC REU students completed follow-up surveys about their experiences in the 
spring semester following the CBiRC REU – six students in the 2009 cohort, 11 students in the 
2010 cohort, and 14 students in the 2011 cohort completed the survey. The following charts 
detail students’ reported involvement in research activities in the semester following the CBiRC 
REU (Figure 3.7), their ratings of the value of CBiRC REU program activities as they continued 
their studies in the semester following the REU (Figure 3.8), and the extent to which their 
experiences in the REU helped them with basic research skills in the semester following the 
REU (Figure 3.9). Many students reported involvement in research and about half of the students 
in each cohort had given poster presentations in the semester following the REU. Students 
reported that CBiRC program activities were valuable, and that the REU helped them accomplish 
research tasks in the semester following the REU. Student comments indicated that they felt that 
having hands-on experiences in the lab and collaborating with other researchers were two of the 
most valuable aspects of the CBiRC REU program. 
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Figure 3.7. Students’ Participation in Research Activities after the REU across REU Cohorts. Visualization of 
students’ participation in research activities after the REU in the 2009 (blue), 2010 (red), and 2011 (green) cohorts. 
A number of students from each cohort reported participating in research, and about half of students in each cohort 
reported giving poster presentations. If no bar is evident, then no students reported activity in the area. 
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Figure 3.8. Perceived Value of CBiRC Program Activities across REU Cohorts. 1=Not Valuable At All, 7=Very 
Valuable. Students reported that each activity was valuable. Students in the 2010 cohort rated activities as less 
valuable than did students in the 2009 and 2011 cohorts. 
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Figure 3.9. Value of the REU in Improvements to Basic Research Skills across REU Cohorts. 1=Not at All, 
2=Small Extent, 3=Moderate Extent, 4=Great Extent. Overall students reported that the REU was particularly 
helpful in improving their skills related to technical communication, literature search, protocols, and lab safety. They 
found the REU least helpful in improving their understanding of statistics.  
 
CBiRC Mentors 
 
Twelve REU mentors, including eight faculty and four graduate students, participated in a 
mentor’s survey in order to determine mentors’ perceptions about the 2012 CBiRC REU 
program. Six mentors mentored two REU students. For two mentors, this was their first time 
serving as an REU mentor. Three mentors had served as a mentor for a total of two years, three 
had served as a mentor for four years, and four had served as an REU mentor for at least five 
years. Mentor’s survey questions centered on learning about the benefits and challenges of 
serving as a mentor, progress made by the student(s) in their ability to be part of the research 
team, percentage of time spent mentoring, value of the video on mentoring, whether the REU 
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was a worthwhile time investment, plans to stay in touch with REU students, ratings of the 
CBiRC REU program, and suggestions for program improvement.  
Mentors indicated numerous benefits of serving as a mentor to an REU student. They 
reported that they enjoyed watching students learn and grow, that it helped them learn to explain 
complex topics, and that it was useful to have a student helping with the research. Mentors 
indicated that serving as an REU mentor could be challenging when students did not arrive with 
certain skill sets necessary to do research in their labs. They also commented on the time 
commitment necessary to mentor REU students and noted that it was difficult to prepare 
appropriate projects for students to work on. When asked what percent of their time they spent 
on mentoring their REU students, on average, mentors responded 36%; however, responses were 
widely varied, with one mentor indicating spending 95% of his time mentoring and two mentors 
indicating spending only 4% of their time. Mentors felt that training an REU student in the 
laboratory was a worthwhile use of their time, and that it was a worthwhile use of their graduate 
students’ and postdocs’ time. 
When asked what could be done to improve the program, several mentors suggested that it 
might be useful for students to have the opportunity to learn about research in different areas. 
Two mentors commented that higher quality students should be recruited. 
REU mentors were also asked to rate their individual REU students regarding their progress 
in various research and interpersonal skills (Table 3.3). Overall, mentors felt that many REU 
students made optimal progress for the research and interpersonal areas addressed, with the 
highest gains in students’ ability to work on a research project in the laboratory and ability to 
interact with other members of the research group. Most of the mentors (7) reported that their 
experience with the program was excellent, three mentors indicated it was good, and one 
indicated it was average. 
 
Table 3.3.  Mentors’ ratings of student’s ability to be part of the research team. 
 
No 
Progress 2 
Moderate 
Progress 4 
Optimal 
Progress n/a* 
Valid 
n  Mean 
Understanding of fundamental scientific 
principles 0 0 3 8 5 2 16 4.13 
Understanding of complex scientific principles 0 1 2 10 3 2 16 3.94 
Ability to apply the scientific method 0 0 2 7 7 2 16 4.31 
Ability to communicate scientific principles to 
a general audience 0 0 5 5 4 4 14 3.93 
Ability to relate the significance of individual 
research findings to the larger picture of 
scientific knowledge 
0 0 4 9 3 2 16 3.94 
Ability to think critically about a problem 0 1 5 5 5 2 16 3.88 
Ability to effectively interact with other 
members of the research group 0 1 1 5 9 2 16 4.38 
Ability to work on a research project in the 
laboratory 0 0 1 5 10 2 16 4.56 
Scale: 1 = No Progress, 3 = Moderate Progress, 5 = Optimal Progress,  
*n/a responses are not included in the calculation of the mean or standard deviation. 
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CBiRC All-Student Survey 
Surveying all students and postdoctoral research associates who are directly affiliated or 
associated with CBiRC supported research at Iowa State University and CBiRC partner 
institutions is the largest center-wide evaluation activity. The CBiRC All Student Survey is a 
cohort type longitudinal study meant to assess students’ involvement in CBiRC and potential 
effects of participation in CBiRC research on students’ knowledge of biorenewable chemicals 
and professional career choices. Cohort-based longitudinal survey data are collected and used to 
study trends in students’ research experiences during their academic and/or postdoctoral 
programs of study and research in CBiRC. The PY4 CBiRC All Student Survey was distributed 
to 140 CBiRC students (undergraduate and graduate students and postdoctoral research 
associates) at Iowa State University, Rice University, the Salk Institute, the University of 
Michigan, the University of New Mexico, the University of Virginia, and the University of 
Wisconsin. Responses to the CBiRC All Student Survey were received from 84 students and 
postdoctoral research associates, which comprised a 60% response rate. Student groups 
represented in this study included undergraduate (n=18; 20.5%), master’s (n=4; 4.5%), doctoral 
(n=52; 59.1%), and postdoctoral research associates (n=8; 9.1%). 
Students discussed the variety of experiences they had as members of CBiRC in the PY4 
survey (Figure 3.10). Overall, students felt a great deal of pride in their accomplishments as 
CBiRC researchers, but they particularly commented about the role of their research within the 
biorenewable industry, opportunities to present their research at conferences, collaborations with 
other students and colleagues, and the opportunity to contribute to the larger scientific 
community. Students reported that their involvement in CBiRC research was helpful. They 
reported that it fostered their critical thinking skills and increased their confidence in their ability 
to conduct quality research. Overall, students indicated that one of the biggest benefits of the 
CBiRC program was the opportunity to participate in interdisciplinary research and 
collaboration. 
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Figure 3.10. Activities of CBiRC Student Respondents. CBiRC student respondents were highly active in 
research, mentoring, participating in conferences, and interacting with the public. A relatively low number of CBiRC 
students participated in industry internships. Lower percentages of students indicated participating in many CBiRC 
activities in 2012 than they had in previous years. Students were not asked about grants or explaining research to the 
public in the 2009 survey. If no bar is evident, then no students reported activity in the area. 
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Education – Research Synergisms 
 
As reflected in the assessment results in the previous section, CBiRC’s research activities are 
central to the education of students. Notable contact points between the research effort and 
educational programs include: 
 The creation of the graduate minor and certificate programs reflects a major curricular 
change that occurred due to CBiRC’s existence. The intellectual foundations of the minor 
come directly from the thrusts and from the educational principles presented at the beginning 
of this UED section. 
 The incorporation of biological and chemical catalysis into the Ch E 688 course (one of three 
core courses in the graduate minor). 
 Students are citing the value of working across labs and institutions as critical to their growth 
as scientists and engineers (see comments in previous section). 
 
REU Integration into Center Research 
 
In all years, as detailed previously, CBiRC REU participants have an intensive orientation 
that includes lectures on CBiRC’s overall mission, and the challenges and opportunities of 
biorenewable chemicals. And in all years, conversations between REU students, both formally 
and informally, are an important part of the inter-thrust and inter-lab communications that 
characterize the center. Furthermore, CBiRC’s aggressive minority recruiting for the REU has 
garnered a diverse set of students in all years, and indications are that several of these students 
will continue on for graduate work in related disciplines, thus serving our strategic goal of 
enhancing the diversity of the engineering and scientific workforce. REU students were actively 
involved in CBiRC research in all years. In fact, REU students are a “glue” that helps facilitate 
conversation between thrusts in CBiRC: During focus group discussions with program 
evaluators, REU participants clearly state that discussions and networking among REU students 
help them understand how their research connects to others. In short, since its inception, CBiRC 
REU students have been involved in projects that are core to the center’s mission. 
 
International Programs 
 
The international program involves several components – student research internships at our 
collaborator sites, students taking courses at our international partner sites, student participation 
in summer schools, visits by U.S. faculty to EU sites, and reciprocal visits by students and 
faculty from our EU partners to the U.S. institutions. Each of these contributes to the overall 
training of engineers to be successful in a global economy. The research internships provide 
valuable training for students since they must work in multidisciplinary teams, learn new ways of 
doing research, and also gain access to techniques and equipment not available at their home 
institutions. In the past year, 2 CBiRC or CBiRC-associated graduate students and 1 
undergraduate students did research internships in Europe and 2 graduate students from our 
European partners did research internships with CBiRC faculty (more details in the Project 
Summary, vol. II). There was no summer school participation during the summer of 2012, but 
we will be participating in a 2013 summer school hosted by Åbo Akademi in Turku/Åbo, 
Finland.  The summer schools provide U.S. students exposure to a new set of instructors who 
provide them with in-depth knowledge of the latest advances in the field. The chance to spend a 
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week with some of the leading researchers in the world serves as an important component of the 
educational program. A major highlight from the past year was an open access publication 
resulting from a prior summer school: 
Behrens, Malte and Abhaya Datye (eds.) Catalysis for the Conversion of Biomass and Its 
Derivatives Max Planck Research Library for the History and Development of Knowledge, 
Proceedings 2. Berlin: Edition Open Access (ISBN 978-3-8442-4282-9). 2013. 
Additionally, the impact of the international program was demonstrated when Jean-Philippe 
Tessonnier was hired in 2012 as a tenure track Assistant Professor at Iowa State University.  He 
was formerly at the Fritz Haber Institute in Berlin and interacted with CBiRC faculty through the 
international program. 
 
Response to Major Weaknesses and Threats from Prior Site Visit Reports 
 
From last Site Visit (2012) – none focused in University Education area.  
 
Program Highlights 
 
 CBiRC UED Director produced a podcast on mentoring practices that was shared across 
multiple REU programs. Currently the hypotheses implicit in that podcast are being tested 
through a survey of 2012 REU participants from multiple programs. 
 Students are now enrolled in a novel graduate minor or graduate certificate in biorenewable 
chemicals, and two completely new courses, and one heavily revised course have been taught 
in support of the minor. The minor offers students an opportunity for formal recognition of 
their training in biological and chemical catalysis methods, and in at least two of the three 
thrust areas. If not for the integrative, interdisciplinary construct of the center, the minor 
would not exist. 
 The REU program has completed five successful years with students clearly increasing key 
research skills through the process. A unique multi-institutional REU model has been 
developed and deployed that is placing REUs not only at the lead institution but at multiple 
partners each summer, and that leverages advanced information technology to maintain a 
sense of community within the cohort. 
 Multiple refereed publications based on (or nucleated by) REU programs, cast light on 
critical issues such as student attrition from engineering majors, training the next generation 
of creative, innovative and adaptive scientists and engineers, and the use of the virtual 
education center model for biorenewable resources education. 
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3.2 Pre-College Education Program 
 
Overview - CBiRC’s pre-college education strategic plan is to form long-standing partnerships 
with central Iowa school districts and school districts located in relative proximity to CBiRC 
partner institutions.  The pre-college program focuses primarily on all pre-college grades K-12 
with a mission to effectively impart in the next generation of students the relevance of the 
engineering profession, the skills required to succeed in this profession, and its value in our 
technological society. The technical content of the pre-college education program will include 
the broader biorenewables area including both chemicals and biofuels. 
 
CBiRC has established a strong partnership with the Des Moines Public Schools District 
(DSMPSD), the largest district within Iowa (30,000 students, 63 schools, 49% underrepresented 
minority enrollment and over 60% students receiving free or reduced lunch). Ms. Kim 
O’Donnell, DSMPSD Science Curriculum Coordinator, is the administrative partner.  CBiRC 
Pre-College Education Director and Ms. O’Donnell interact regularly (monthly) to discuss how 
CBiRC can best meet the content and pedagogy needs of the district’s pre-engineering and 
science teachers through CBiRC summer professional development programs and support during 
the academic year.  These communications were the basis for the design and development of the 
CBiRC’s teacher professional development programs: Research Experiences for Teachers (RET) 
for high school teachers and Summer Academy for middle school teachers, the GK12 program 
and one-week STEM enrichment workshops for elementary school teachers.  
 
In 2009, preparatory meetings were conducted with selected DSMPSD administrators and 
science teachers, together with the Pre-College Program Director and professional staff.  These 
meetings provided an assessment of areas in the district’s STEM curriculum that would benefit 
from collaborations with CBiRC.  Assessment outcomes pointed to weaknesses in science 
teacher content knowledge and preparation to teach STEM subjects with an inquiry- and 
discovery-based approach. Furthermore, the outcomes of these meetings suggested, that in 
DSMPSD, there is a lack of communication and curriculum alignment across grades and schools 
and between teachers at middle schools and high schools. High school teachers reported that 
middle school students enter high school deficient in math and reading.  Middle school teachers 
reported that the middle school teaching model is geared towards recall and does not strive for 
science literacy and problem solving. Following this meeting CBiRC received funding from the 
NSF ERC program to support the DSMPSD science based PLCs and partnered with the National 
Commission for Teachers and America’s Future (NCTAF) in this effort. Meetings and 
discussions between the CBiRC pre-college education director and NCTAF personnel, as well as 
a workshop for selected science teachers in DSMPSD, facilitated by NCTAF, led to a better 
understanding of how science teachers can best benefit from participating in their departmental 
PLC as well as benefits of establishing a cross grade and school science focused professional 
learning team. As a result, in fall 2010 DSMPSD implemented structured discussion time 
between teachers and the formation of teacher Professional Learning Communities (PLC). One 
Wednesday afternoon each month teachers convene in small groups according to discipline to 
participate in a subject focused PLC. The CBiRC pre-college education director facilitated 
numerous meetings for science PLCs within schools as well as piloted a PLC for science 
teachers from both Meredith Middle School and Hoover High School in Des Moines.  
Approximately 90% of Meredith students feed into Hoover.  The objective of this PLC is to 
CBiRC Fifth Annual Report
Volume I 117 April 10, 2013
better align the science curriculum across grade levels from middle school to high school, 
providing a smooth transition for students from grade to grade.  This cross-school PLC is now 
meeting regularly. 
 
In 2010, CBiRC implemented a new one-week workshop, Plants in Society, for elementary 
school teachers.  The workshop was funded as an associated project through the NSF PGRP 
program. The success of this workshop led to the development of a follow-up one-week 
workshop on biorenewables.  Successful participants in Plants in Society were encouraged to 
participate. The first biorenewables workshop, offered in 2012, was supported by the Iowa NSF 
EPSCoR. Further details about these workshops are provided below. 
 
CBiRC also conducts a Young Engineers and Scientists (YES) internship program. This program 
is offered during the academic year and summer.  The academic year program is a partnership 
program between ISU and local high schools.  On successful completion of the internship, 
students receive research credit on their high school transcript.  Students do not receive a stipend 
and the program is not evaluated.  The summer YES internship program is open to students from 
central Iowa and is funded by CBiRC core budget and support from Iowa NSF EPSCoR.  
Students receive a stipend and the program is evaluated.  Preference is given to underrepresented 
minorities and female applicants.  (More details about YES can be found below.) 
 
Table 1 briefly outlines the STEM professional development programs CBiRC offers to both pre-
college teachers and high school students.  In each of the programs CBiRC faculty play 
prominent roles as mentor hosts (RET and YES programs), seminar presenters, participants at 
informal discussions with program participants and advisors for K12 STEM curriculum and 
programmatic development. 
Program 
Title Brief Description  
Number 
of Years 
Total 
Number of 
Participants 
Number of 
participants 
from 
DMPS 
Length 
of 
Program 
CBiRC 
Research 
Experiences 
for High 
School 
Teachers  
Summer experiences designed to help teachers learn the value of 
scientific inquiry in the context of their school’s science, 
technology, engineering, and mathematics (STEM) curricula while 
building valuable networks among fellow teachers 4 years 37 21 7 weeks 
Summer 
Academy for 
Middle 
School 
Teachers  
Features presentations by ISU faculty, hands-on lab activities, and 
field trips to Iowa’s Biorenewables-related industries and Includes 
STEM curricula applicable to the Iowa Core Curriculum and middle 
school science standards. 4 years 34 9 3 weeks 
Plants in 
Society for 
Elementary 
Teachers 
Gives teachers opportunity to gain confidence in teaching science at 
elementary level and will include presentations by ISU faculty and 
staff, hands-on lab activities. 4 years 72 32 1 week 
Biorenewable 
Workshop 
for 
Elementary 
Teachers 
Elementary teachers who have completed Plants in Society have the 
opportunity to return to participate in the Biorenewables Workshop  2 years 18 12 1 week 
Symbi GK-
12 
An ISU graduate student Fellow works collaboratively with a 
middle school or high school science teacher. The Fellows spend 
one full day every week throughout the public school year in a 
science classroom performing the duties of a "resident 
scientist/engineer" as they interact with their partner teacher and 
students. 4 years 19 19 1 year 
CBiRC 
Young 
Engineers & 
Scientists  
Sponsors and supports 11th–12th grade students as Young 
Engineers & Scientists by aligning their science interests into 
CBiRC faculty mentor research labs. 4 years 18 12 6 weeks 
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In order to bolster the partnership between CBiRC and DMSPSD and to provide a source of 
STEM content to the district science teachers, professional seminars were presented to the 
science teachers on Wednesday afternoon early-outs. In fall 2010 CBiRC’s Director, Shanks, and 
ILO, Keeling, gave a presentation about biorenewables and entrepreneurship. A second seminar 
was given by CBiRC scientist, Dr. Yandeau-Nelson, on the latest developments in biotechnology 
and their implications for new discoveries. In spring 2011 a hands-on demonstration on material 
science was given to the science teachers by graduate and undergraduate ISU students. In 
summers 2011-12, as part of a “Project Based Learning” workshop, and with funding from the 
Iowa Department of Education (Title II Funds) selected DMSPSD science teachers visited the 
ISU campus for presentations by CBiRC faculty as well as visits to research facilities to show 
case cutting edge STEM research.  
In fall 2012 Hover High school in DMSPSD implemented a STEM Academy for selected 
incoming freshmen.  Sixty students, 20% of the incoming class, are currently enrolled in 
accelerated math, two science courses and a Project Lead the Way (PLTW, pre-engineering) 
course, as well as having a common STEM advisor.  Of the six instructors in this program, four 
have participated in the CBiRC RET program and two of the instructors have assigned GK12 
Fellows. Most of the students in the STEM Academy attended Meredith Middle School and most 
of them had a GK12 Fellow for one or two years prior to beginning high school. These students 
will continue in the STEM Academy throughout their tenure at Hoover High School. 
In summary, over the past five years, CBiRC has become a significant presence in DMSPSD.  
There are RET, Summer Academy, elementary programs and GK12 teacher alums in four high 
schools and seven middle schools and seventeen elementary schools.  The district Science 
Coordinator has successfully implemented a STEM based PLC for teachers and Hoover High 
School is piloting a STEM Academy for its students. Teachers who have participated in CBiRC 
professional development programs are more knowledgeable about biorenewables and STEM 
careers and encourage their students to apply to CBiRC’s Young Engineers and Scientists (YES) 
program and to apply to STEM undergraduate programs. 
 
Research Experiences for High School Teachers – 
CBiRC’s Research Experiences for Teachers (RET) program 
began in June 2009 and has since completed four successful 
years of the summer research program. To date the CBiRC 
RET program has hosted 26 teachers from Iowa, New 
Mexico and Texas schools.  Sixteen of these 26 teachers 
have participated in the program for one year, eight teachers 
have participated for two years, and two teachers have 
participated for three years.  The 2012 program included 
seven science teachers and three Project Lead The Way 
(PLTW) instructors, who teach introductory pre-college 
engineering courses.  The 2012 RET participants were 
funded by CBiRC’s base budget.  Teachers conducted 
small independent research projects under the mentorship 
of CBiRC-associated faculty and ISU college of 
engineering faculty.  Prior to work in the research lab, 
teachers attended a short training workshop that included 
“I like to be able to explain to my kids 
the difference between a chemist and a 
chemical engineer.  We had a lot of 
those conversations in the lab and 
I…have a better idea of what to explain 
to kids [regarding] engineering and the 
whole process, what do they do if they 
get their masters and their doctorate, 
what would they be doing.” –2012 RET 
teacher 
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laboratory safety procedures, the scientific method, use 
of basic laboratory equipment, and data collection. 
Teachers also participated in a two-day workshop on 
performance task case studies where they learned how to 
teach with and write case studies.  The objective was for 
each RET participant to prepare a final deliverable in the 
format of a case study focusing on their RET research 
project which they would then use with their students the 
following academic year.    Table 2 provides details about the high school teachers, their faculty 
mentor, and their research project. View their posters at 
http://www.cbirc.iastate.edu/education/precollege/ret-projects/. 
 
Table 2: 2012 RET Projects. Teachers with asterisks have participated for two years.  
Name High School CBiRC Mentor Project Title  
Amanda Borchers Perry, IA Martin Spalding Development of TAL Nucleases for Genome Modification in Chlamydomnas 
Jennifer Brown Springville, Cedar Rapids, IA Keith Woo 
Tandem Catalytic Formation of Commodity Chemicals Using 
Palladium – NHC Complexes 
Clinton Gadbury East, DSM, IA Chris Williams Idea to Production 
Karl Goldsmith Valley, DSM, IA Eric Cochran Flammability Characteristics of Biochars 
Melinda Hamann East, DSM, IA Laura Jarboe Phenol removal in pyrolitic sugars by laccase enzymes 
Timothy Jobes Lincoln, DSM, IA Mike Kessler Characterization of Novel Bio-Based Polyhydroxyalkanoate/Lignocellulose Composites 
Joshua Mangler Dallas Center – Grimes, IA Mike Kessler Bio-polymers Characterization for self-healing application  
Rhys South* Johnston, IA Eric Cochran Idea to Production 
Christina Trueba* Los Lunas, NM Basil Nikolau In Vivo Characterization of 3-Ketoacyl-acyl-carrier protein (ACP) Synthase III (KASIII) 
Roberta Vanderah Colo-NESCO, IA Brent Shanks Dehydration of 1,2,6-Hexanetriol with Acid Metal Catalysts 
 
 
Activities for RET Teachers - A number of seminars, 
modules and workshops were scheduled during the 2012 
summer session (See Table 3 for the schedule of activities for 
the RET):  
 Weekly pedagogy-based discussion groups focusing on 
the development and implementation of research based 
case studies focusing on engineering concepts, inquiry-
based learning and problem solving with the intent that 
these skills be applied across STEM subjects and grade 
levels to specifically introduce creative thinking and 
integration of STEM fields across the curriculum. 
 Weekly CBiRC seminar given by CBiRC faculty to 
provide an overview of CBiRC research. 
 Weekly colloquia series “Frontiers in Science & Engineering” presented by invited Iowa 
State University faculty. 
I was reminded you don’t need 
$40,000 pieces of equipment to 
perform good science.  You just need 
to be able to think as a scientist would 
and be creative with your 
experimental design. –2012 RET 
teacher 
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 The program concluded with a research symposium for all the teachers and high school 
students who participated in pre-college programs during summer 2012.  Participants gave 
oral presentations of their research project and presented their posters at a poster reception.  
 During the concluding week, teachers presented their case studies. 
 Teachers were encouraged to submit mini-grant applications for equipment, resource kits, 
and supplies to help them develop better-equipped classrooms or provide for project 
development in their classrooms. 
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Table 3: 2012 RET  
Research Experience for High School Teachers 
June 2012 
Monday Tuesday Wednesday  Thursday Friday 
  13 8:30 – 9:40AM Welcome & 
Overview 
9:30 – 11:30AM Art of Hiring a 
Scientist Performance Task  
Noon – 1:30PM Welcome Lunch 
with Faculty Mentors  
1:30 – 3:00 PM – ISU Card and 
NetID setup  
 
14 
8:30 – 4:00PM Professional 
Development and Performance 
Task Activities  
15 
8:30 – 4:00PM Professional 
Development and Performance 
Task Activities  
18 
8:30 – 11:00 AM Professional 
Development 
11:00 – Noon Lab Conduct 
Overview 
1:30 – 2:30 PM  Safety Training 
3:00– 4:30 PM Bowling and 
Bonding 
19 
Begin work in Labs                        
20 21 
 
22 
25 
8:30 – 11:30 AM Professional 
Development 
11:45 – 1:15 PM Discussion 
Seminar (lunch Provided) 
26 27 28 
 
29                                          
 
Research Experience for High School Teachers 
July 2012 
2 3 4 
VACATION for Independence 
Day 
5 6 
9 
8:30 – 11:30 AM Professional 
Development 
11:45 – 1:15 PM Discussion 
Seminar (lunch Provided) 
10 11 12 13 
16 
8:30 – 11:30 AM Professional 
Development 
11:45 – 1:15 PM Discussion 
Seminar (lunch Provided) 
17 18 19  20 
23 
8:30 – 11:30 AM Professional 
Development 
11:45 – 1:15 PM Discussion 
Seminar (lunch Provided) 
24 25 
8:00AM Posters Due                      
26 
 8:30 – 11:30 AM Professional 
Development Presentations and 
Discussions  
1:30 – 3:30 PM Evaluation Focus 
Group  
27 
8:00AM Photo outside MBB         
8:30 – 11:30AM Scientific 
Presentations 
11:30 – 12:30PM Poster Reception
12:30 – 1:00PM Closing Remarks 
1:00 – 2:00PM Lunch 
 
 
 
 
CBiRC RET participants who received grant funds to support the implementation of their 
summer experience into their classrooms reported how these funds made a difference: 
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“Johnston Schools integrated the equipment purchased through the mini-grants into our engineering 
curriculum.  The materials have been beneficial to all 4 levels of our PLTW program.  The students have 
used the equipment/tools multiple times this year.  This makes it easier to understand the concepts when 
the students are able to work with something tangible.” Joshua Heyer, Project Lead the Way Teacher, 
Johnston High School, Johnston, IA. 
 
“DataStudio is a software package required for use with the PASCO Spark experiment system.  Each unit 
allows students to collect a myriad of data - from temperature to pH to gas pressure - and organize the 
data into meaningful tables/graphs that the students, then will be asked to analyze and communicate to 
the class.  Specificially, students will complete experiments dealing with energy (phase changes & endo-
/exothermic reactions), pH and gas laws.  These experiences/equipment will not only add an engaging 
"twist" to traditional labwork, but also help students to develop an understanding of the mathematical 
relationships between variables studied in these experiments.” Eric Hall, Science Teacher, Hoover High 
School, Des Moines, IA. 
 
“The biology students at Los Lunas High School are in the genetics unit. We will be extracting DNA from 
various sources like strawberries, wheat germ, etc. and purifying it. The supplies bought during the mini 
grant have paid for gel electrophoresis chambers and supplies to separate the DNA. The students will be 
doing this when they get back from spring break. The students are very excited about the 
labs.” Chris Trueba, Science Teacher, Los Lunas High School, Los Lunas, NM. 
 
Summer Academy for Secondary School Science 
Teachers - CBiRC has collaborated with the Iowa 
NSF EPSCoR program to offer the Summer 
Academy, a three-week professional development 
program for secondary school science teachers 
focusing on biorenewable energy.  The academy 
was conducted at ISU in summer 2012 with 10 
participants, including one from New Mexico and 
one from DMSPSD.  The academy provided a 
guided inquiry experience including the tools, 
experiences, and collaborative relationships 
necessary for translating the latest developments in 
biorenewable energy into the classroom. During the 
summer experience, teachers learned laboratory techniques and basic biorenewables concepts through 
guided experimentation with CBiRC staff and graduate students as well as presentation given by 
CBiRC faculty. The program helped middle school teachers better understand the nature of science 
and engineering concepts and gave them a platform for building hands-on learning experiences in 
their science classrooms.  Teachers gained real-world knowledge to share with their students and were 
able to relate scientific and engineering practices to issues in current events.  Teachers were required 
to prepare one lesson plan and a poster relating to a topic covered during the academy. The posters 
were presented at the 2012 pre-college research symposium, July 27, 2012.  Following is the schedule 
of activities for the summer academy. 
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Table 4: 2012 Summer Academy Events  
2012 CBiRC Summer Academy 
 
Date Day Time Topic/Activity 
   Orientation: Week 1 
7/5 Tue 8:30 am – 10am Welcome, Intro to Biorenewables, Dr. Brent Shanks Review & IF-AT Pretest 
  10 am – 12 pm   Overview, Orientation, & Pre-Test 
  12:00 -1 pm Welcome Lunch  
  1-4 pm Session 1 with Jessica Gogerty & Math Strategies 
7/6 Wed 9am – 12pm Session 2 with Jessica Gogerty, Heat & Temperature 
  1-4 pm Session 3 with Jessica Gogerty, Basic Thermodynamics 
7/7 Thu  9am – 12pm Session 4 with Jessica Gogerty, Organic Chemistry 
  1-4 pm Session 5 with Jessica Gogerty, Organic Chemistry Patterns 
7/8 Fri 9am – 12pm Session 6 with Jessica Gogerty, Fuel Types 
  1-4 pm Session 7 with Jessica Gogerty, Power 
   Week 2 
7/11 Mon 9am-Noon Welcome, Intro to Biorenewables, and IF-AT activity 
  1 – 5 pm  Safety Training @ EH&S and Lab Logistics  
7/12 Tue 9am- 3 pm  Properties:TGA, HHV & Bulk & Density, Angle of Repose  
  3 – 5 pm  Volumetric Energy Density Exercise 
7/13 Wed 9am – 4 pm Processing: Grinding & Sieving and Data Analysis  
  4-5 pm  Production/Utilization: Biodiesel, Ethanol & Bioplastics 
7/14 Thu 9am-5pm Biodiesel & Ethanol Production #1 
7/15 Fri 9am – 5pm Bioplastics & Ethanol Production #1 
   Week 3 
7/18 Mon  9am-12 pm REG & Lincoln Way Energy Tour (Meet in parking lot) 
  1 – 5 pm Ethanol & Biodiesel Production #2 
7/19 Tue 9am-5pm Ethanol & Biodiesel Production #2, begin Bioplastics #2 
7/20 Wed 9am – 12pm Lincoln Way Energy & REG Tour (Meet in Parking Lot) 
  1 – 5 pm Ethanol Production #2(cont.), Bioplastics #2 (cont.) 
7/21 Thu 9am – 12pm Essential Oil Extraction by Steam Distillation                              
  1 – 5 pm Dr. Peter Keeling Presentation 
7/22 Fri 9am-5pm Coffee @ the HUB, All-thermochemical version 
   Week 4 
7/25 Mon  9am-12pm BioCentury Research Farm Tour (Meet in Parking Lot) 
  1 – 5 pm All-thermochemical Conversion 
7/26 Tue 9am – 12pm All-lesson plan & poster brainstorming 
  1-5pm All-poster development 
7/27 Wed 9am – 12pm All-poster development 
  12-1:30pm Lunch w/ guest speaker (Dr. Raj Raman) 
  1:30-4pm All-lesson plan development 
  5-7pm Dinner w/ Catie & Jackie  
7/28 Thu 9am – 12pm BECON tour: Dr. Van Leeuwen (Meet in Parking Lot) 
  1-2pm Dr. Chris Williams, Bio-asphalt presentation 
  3-5pm All-lesson plan development, post assessment, wrap-up 
7/29 Fri 9am-5pm Poster Presentation w/ RET & REU participants @MoleBio atrium 
  12 -1pm  Lunch with RET Participants & Mentors 
 
The CBiRC Summer Academy will continue to be supported for the next four years through 
funding from the NSF EPSCoR grant awarded to ISU in 2011. 
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One-Week Workshops for Elementary School Teachers – In summers 2010-11, a one-week 
workshop, Plants in Society, was conducted for elementary school teachers in central Iowa. The 
workshop was supported with funds from CBiRC and the NSF Plant Genome Research Program 
to encourage inquiry-based science learning in elementary classrooms. The workshop linked 
basic plant biology principles to ecology, genetics and biorenewable energy research, providing 
teachers with connections to current real world challenges. The workshop was led and facilitated 
by a science education consultant and 
complemented with presentations by ISU and 
CBiRC faculty, together with visits to research 
facilities.  As a result of the success of this 
workshop, a follow-up one-week workshop 
focusing on biorenewable energy and energy 
efficiency was offered for participants of Plants 
in Society during the summer 2012. This 
follow-up workshop was supported with funds 
from CBiRC and Iowa NSF EPSCoR. 
 
 
 
Table 5: PLANTS IN SOCIETY AND BIORENEWABLES SCHEDULES  
Plants in Society Workshop June 2012 
Day Monday       
July 9 
Tuesday    
July 10 
Wednesday 
July 11 
Thursday  
July 12 
Friday    
July 13 
Morning 
8:30 AM – 11:30 
Parkview Middle 
Pre-assessment, expectations. 
Lab Notebook set-up. 
Photosynthesis, respiration and the 
carbon cycle. 
Activities from “New Plants” 
FOSS kit 
Lunch on your own. 
Parkview Middle 
Review of Day 1 
Plant structures including 
seeds, roots, stems, leaves. 
Activities from “Structures of 
Life” FOSS kit; flower and 
fruit dissections 
Lunch on your own. 
Car pool 
9:00 AM Tour  ISU Bio-
century Farm 
Lunch at ISU campus 
UDCC. 11:00 AM 240 
Bessey Hall, ISU, guest 
speaker Dr. Robert 
Wallace 
 
Parkview Middle 
Spiral Review of Days 2-3 
Microscope work. 
Plant Cell structures. 
Dangers to plants. 
 
Lunch on your own. 
Car Pool 
9:00 AM 240 Bessey Hall, 
ISU, guest speaker Dr. 
Corrinne Grover  10:00 
Tour Bessey Hall 
greenhouse followed by 
“Plant Genome Revealed.” 
Afternoon 
1:00 PM– 4:00 
PM 
 
Guest speaker John Doudna 
Department of Ecology Evolution 
and Organismal Biology, ISU. 
Complete morning activities. 
Plant classification including 
“New Plants” and Diversity of 
Life” activities. Differences 
between monocots/dicots. 
Biorenewables. 
1:30 PM Tour Reiman 
Gardens with Aaron Steil. 
 
Guest speaker Dr. Mark 
Gleason Department of 
Plant Pathology, ISU. 
 
DNA/Genetics. 
 
1:00 PM Boxed lunch at 
ISU 
1:30 PM post-test, final 
reflections, 2:30 
presentations and wrap up. 
 
Biorenewable-s Workshop June 2012 
Day Monday  
June 25 
Tuesday  
June 26 
Wednesday 
June 27 
Thursday  
June 28 
Friday June 
29 
Morning 
8:30 AM – 11:30 
PV Elementary  
Pre-assessment, expectations. 
Recap Plants in Society, plant 
structures, photo-synthesis, 
respiration and the carbon 
cycle. Intro to chemistry using 
FOSS kit: Chemical 
Interactions 
Lunch on your own. 
PV Elementary  
Energy efficiency: 
definitions and sources of 
energy. Graphing data and 
more activities with FOSS 
kit Chemical Interactions 
 
Lunch on your own. 
Car pool  
8:30 AM Tour  ISU Bio-
century Farm 
10:30 REG 
 
Noon park in lot 29 
 
We will provide packed lunch 
in MBB Atrium 
PV Elementary 
Types of energy and energy 
transfer.  FOSS kits 
Populations and Ecosystems 
and Weather and Water. 
Assemble solar car kits. 
Lunch on your own. 
Car pool 
9:00 AM Lincoln Energy  
 
We will provide packed 
lunch 
Afternoon 
1:00 PM– 4:00 PM 
 
Guest speaker Dr. Peter 
Keeling, ISU: Overview of 
Biorenewables and current 
research. 
Complete morning activities 
Mendelian genetics and 
DNA structure. 
1424MBB ISU 1:00 PM Dr. 
Raj Raman 
 
2:00 PM Dustin Dalluge & 
Bernie 
grinding machine & make 
biodiesel  in BRL 
Continue FOSS activities 1:00 PM Tour of Energy 
Research Station, 
DMACC, Ankeny. 
2:30 PM post-test, final 
reflections, 3:30 
presentations and wrap 
up. 
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Young Engineers and Scientists Program - The CBiRC Young Engineers and Scientists (YES) 
program offers research internship opportunities to 10th-12th grade high school students in all three 
CBiRC thrust areas, as well as non-CBiRC associated 
areas in physical and life sciences and engineering.  The 
program is offered year round:  students who participate 
in the fall and spring semesters do not receive payment 
but instead receive high school credit listed as 
“independent research study” on their high school 
transcript.  Students who participate in the summer 
receive a stipend and do not receive credit. All students 
prepare and present a poster outlining their research 
project. During PY5, 17 high school students 
participated in the program, and a total of 45 participated 
over the past three years.  Some of them were invited by 
their faculty mentor to continue working on their project for an additional semester.  
 
During summer 2012 CBiRC Young Engineers and Scientists Program sponsored eight high 
school students, including six underrepresented minority students from the ISU Science Bound 
Program, an extra-curricular school program to support underrepresented minorities in DMSPSD 
and Marshalltown IA. These students travelled from Des Moines and Marshalltown during the 
weekdays to work in research laboratories for approximately 40 hours for six weeks. Under the 
close mentoring of graduate students, postdocs and faculty, students worked on independent 
research projects associated with either biorenewable chemicals, fuels, or other engineering 
based research projects after receiving rigorous safety training.  All YES students prepared a 
poster summarizing their research, which they presented at the RET 2012 Symposium. 
 
 
 
 
 
 
 
 
 
 
 
Table 6: ISU Young Engineers & Scientists Research Mentors and Projects Summer 2012  
Name High School CBiRC Mentor Department Project Title 
Grace Ansah Roosevelt High 
School, DSM 
Brent Shanks Chemical & Biological 
Engineering 
Dehydration of 1,2,6-Hexanetriol with Acid 
Metal Catalysts 
Merica 
Boutchee 
North High School Basil Nikolau Biochemistry/Biophysics & 
Molecular Biology 
The Search for Monoclonal Antibodies 
Against GLOSSY1 and CER1 
Miguel 
Guerrero 
East High School, 
DSM 
Terrence Meyer Mechanical Engineering 
Department 
Physical Pathways for Areosol Generation 
Using Organic Model Compounds for 
Biomass Pyrolysis 
Elijah Soria Valley High School Kurt Rosentrater Agriculture & Biosystems 
Engineering 
Effects of Extrusion on DDGS (Dried 
Distillers Grains with Solubles) 
Anthony 
Treager 
Lincoln High 
School 
Terrence Meyer Mechanical Engineering 
Department 
Physical Pathways for Areosol Generation 
Using Organic Model Compounds for 
Biomass Pyrolysis 
Jerson 
Valenzuela 
North High School, 
DSM 
Robert Brown Center for Sustainable 
Technology 
Lettuce Response to Biochar and Fertilizer 
“I really like the diversity in the labs 
because there are people from different 
nationalities and different countries.  It 
brings the world together.  I think 
that’s a really good thing to do, 
especially in today’s society.” – 2012 
YES student 
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Over the course of the past four years, the YES program has included a total of 10 high school 
students at two CBiRC partner institutions: Rice University and Salk Institute as well. 
 
Partner 
University 
CBiRC Mentor Number of 
Students 
Project 
Rice University Ramon Gonzalez 6 
(2009-2011) 
Omics Experiments in E. coli 
The Salk 
Institute 
Joseph Noel 4 
(2010-2012) 
Characterization of Novel Biocatalysts (3-ketoacyl Synthase) for Diversifying 
FAS/PKS Metabolic Pathways 
 
Symbi, Iowa’s First GK-12 Program: Growing Iowa’s Scientists for a Greener Tomorrow   - In 
May 2010 CBiRC Deputy Director and Pre-College Education Director were awarded the first Iowa 
GK12 grant with a budget of $2,737,000.  Des Moines Public School District is a partner for this 
associated project. Symbi engages graduate students conducting interdisciplinary research in the area 
of biorenewables, with Des Moines, IA, middle school educators, students and their parents, and 
administrators.  The objectives of this engagement are to: 1) provide graduate students with the skill 
sets and communication proficiency to explain their science and illustrate core STEM principles to a 
young and receptive audience; and 2) provide middle school students exposure to inquiry-based 
learning experiences and authentic demonstrations of mastery of core concepts.  Over the past three 
years, the Symbi program has supported 18 ISU graduate students, 15 teachers and six middle schools 
and one high school. Four of the current GK-12 teachers have participated in CBiRC teacher 
professional development including the 2011 CBiRC Summer Academy. To date, three CBiRC 
graduate students have participated as GK-12 fellows. In 2013-14 two more CBiRC graduate students 
will participate in Symbi. Each spring the GK-12 program implements a Symbi Science Day event in 
two middle schools. The event showcases all the GK-12 fellows’ research projects through hands-on 
activities.  Non-GK-12 graduate students and industry representatives are also invited to present at this 
event. All the students and teachers in the school participate in this event. Over the past three years 
Symbi has impacted close to 3,000 DSMPSD students. 
 
Expansion of CBiRC pre-college education and outreach efforts – One of the challenges facing 
CBiRC is the expansion of the pre-college programs to partnering institutions.  This is mostly 
due to the limited number of CBiRC faculty and staff at these institutions.  In order for CBiRC 
pre-college programs, especially the teacher professional development programs, to expand to all 
partner institutions, a critical mass of faculty and especially staff is required.  Nevertheless, the 
beginnings of two partnerships have been established and the plan is to nurture these in 
particular. In September 2009, the Pre-College Education Director visited CBiRC partners at 
University of New Mexico (UNM) and Rice University. As a result, two high school teachers 
and one middle school teacher from New Mexico attended the CBiRC teacher professional 
development programs at ISU in summer 2011. The pre-college education director and diversity 
director visited Alberquerque, UNM and Rice University again in fall 2011.  In New Mexico the 
directors visited one of the high school teachers who participated in the CBiRC 2011 RET 
program and who teachers at an underserved minority school in Los Lunas, NM. They met with 
the Los Lunas students and discussed the research conducted at CBiRC and UNM and academic 
pathways that can support their involvement in the biorenewables workforce.  At Rice University 
the directors met with their RET director and it was agreed that this person will recruit a local 
high school teacher to do a research internship in Dr. Gonzalez’s lab in summer 2012 with 
CBiRC support.  
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Education Modules – CBiRC has combined efforts with the ISU Office of Biotechnology, and 
ISU Bioeconomy Institute, to develop three educational modules relating to biorenewables and 
designed to promote inquiry-based learning in both middle and high school classroom.  The 
modules are: 
 Corn Kernel Dissection 
 Bioeconomy Basics - Transesterifciation: Making Methyl Ester 
 Fermentation Lab 
These modules have been further developed in collaboration with the ISU Office of Biotechnology, 
CBiRC faculty, CBiRC lead teachers and Symbi GK12 teachers and fellows. Efforts were focused on 
the revision and modification of the ethanol activity with the addition of two more topics: biodiesel 
production and analysis of corn structure. Three inquiry-based curriculum units were developed and 
made available on the Internet: 
http://www.biotech.iastate.edu/publications/BiorenewablesCurriculum/ 
Over 2,000 students, ranging from high school to graduate students, have used the biodiesel module in 
their classrooms or as an outreach activity. We successfully implemented the biodiesel module in five 
CBiRC partner middle schools in Des Moines, IA., through the GK-12 program, impacting 
approximately 1,000 students. A poster outlining the biodiesel activity was exhibited by a CBiRC/GK-
12 teacher and fellow at the 2011 Annual GK-12 meeting. 
 
3.2.1. Pre-College Education Program Evaluation 
 
Evaluation of the teacher professional development programs (RET, Science Academy, and 
Plants and Society) and the Young Engineers and Scientists program focused on the following 
research questions: 
 What are the teacher professional developmental programs potential impact on teachers’ 
(a) philosophy, (b) pedagogy and (c) content knowledge? 
 What is the Young Engineers and Scientists program’s potential impact on high school 
students’ academic and career choices? 
All participating RET and Summer Academy teachers completed a pre- and post-survey to 
evaluate the progress they made in both content and experience.  The RET teachers also 
completed weekly journals to reflect their progress during the program.  At the conclusion of the 
programs, focus groups were conducted to discuss how these programs influenced teachers’ 
teaching philosophies, development of laboratory skills, and teaching methods, as well as overall 
understanding of how scientific research is conducted.  Elementary teachers participating in the 
Plants in Society program completed pre- and post-content tests, pre- and post-surveys, and 
wrote reflections.  In-workshop observations were also conducted by the evaluators. 
Evaluation instruments were prepared in collaboration with staff from ISU’s Research Institute 
for Studies in Education (RISE).  In addition to testing the impact the professional development 
programs had on participants’ professional growth, evaluation also focused on how the summer 
experiences are transferred to the classroom 
The following measures were used: 
 Teacher Professional Development (RET) 
Evaluation Methods:  Pre- and post-survey, weekly reflective journaling, end-of-the program focus 
group, mentor survey, and follow-up survey after eight months in the classroom. 
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 Teacher Professional Development (Summer Academy) 
Evaluation Methods:  Pre- and post-survey and an end-of-the program focus group. 
 Teacher Professional Development (Plants in Society) 
Evaluation Methods:  Pre- and post-content tests, pre- and post-survey, observations, and reflective 
journaling. 
 Young Engineers and Scientists Program 
Evaluation Methods:  Pre-survey, structured focus group with high-school students, and survey of 
mentors at end of program, and follow-up survey at the end of the next school year. 
 
Teachers reported significantly increased knowledge of laboratory techniques and biorenewable 
energy principles, as well as exposure to new disciplines of science that were not well-
recognized before matriculation into the program.  Additionally, teachers indicated the RET 
program helped them to integrate cutting edge science and engineering topics into their 
classroom curricula through means of guided discovery and critical thinking problems. At the 
end of the summer program, RET participants gave short oral presentations and presented 
posters, documenting their research experience. 
 
Quantitative data collected from RET pre- and post-program surveys from 2009 through 2012 
were used for statistical analyses of program impacts (t-tests). Figures 1 and 2 show selected 
evaluation results related to RET participants’ perceptions of gains in understanding of, and 
confidence in teaching, topics related to biorenewable chemicals and gains in lab skills. 
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Figure 1: Mean Comparison of RET Participants’ Perceptions of Gains in Understanding of and Confidence 
in Teaching Topics Related to Biorenewable Chemicals.  Analysis of longitudinal data for the years 2009 through 
2012 shows teachers made significant gains in their understanding of, and ability to teach about, biorenewable 
chemicals topics.  Results of t-tests showed improvements in these areas for the first year (from the pre-program 
survey to the end of program survey) were significant at the .001 level (p < .001).  Gains in scores between the end 
of the first year and end of the second year were significant for two items – I understand how biochemicals are 
created and I am confident to teach about biorenewable fuel (p < .05).  Gains between the end of the second year 
and end of the third year were not statistically significant. 
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Figure 2. Self-Efficacy Gains Due to RET—Mean Comparison of RET Participants’ Perceptions of Gains in 
Lab Skills and Understanding of Topics Related to Biorenewable Chemicals.  RET teachers were asked about 
their knowledge of various laboratory skills (OSHA safety standards, the use of micropipettes, making 
solutions/buffers, sterile techniques, plasmid isolation, polymerase chain reaction, taking pH measurements, DNA 
sequencing, bacterial fermentation and transformation, and protein purification), and fields of theoretical relevance 
to STEM education and CBiRC research (enzyme kinetics/activity, biorenewable chemicals and fuels, 
bioinformatics, genomics, plant biotechnology, chemical catalysis and genetic engineering).  Teachers reported 
significant gains in laboratory skills (p < .001) and knowledge of biorenewable topics (p < .001) at the end of the 
first year.  Teachers’ gains in laboratory skills from the end of the first year to the end of the second year were also 
significant (p < .05), but increases in knowledge of biorenewables topics were not significant.  Neither of the 
increases in scores from the end of the second year to the end of the third year was significant.  By 2012, 24 CBiRC 
teachers had matched pre and 1st year post data, 10 had matched 1st year post and 2nd year post data, and three had 
matched 2nd year post and 3rd year post data. 
 
Evaluation findings of the YES program show that participating students have: 
 A deeper appreciation for science and scientists. 
 An understanding that science is done by ‘common’ people. 
 Self-confidence in their ability to conduct research. 
 Knowledge of different fields of science and engineering. 
 A better understanding of academic options.  
 A stronger interest in pursuing a research career. 
 An appreciation for the patience and diligence required to conduct research.  
 Interest in applying to Iowa State University for a degree in a STEM field. 
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Evaluation findings related to the Plants in Society workshop showed elementary school teachers 
scored significantly better on a content knowledge test covering plant and biorenewables topics after 
participating in the five-day workshop. Three-fourths of the teachers reported increased self-efficacy 
in plant biology, over half indicated that they wanted to change personal and professional practices.  
Four months later, a majority of the teachers implemented lab notebooks, used open-ended inquiry 
methods, integrated literacy in science activities, used FOSS activities in the classroom, and half of the 
teachers used project-based learning and science demonstrations. 
 
Overall, RET, Summer Academy, Plants in Society and YES participants reported gains in 
valuable experience that affected them both inside and outside of the classroom.  RET teachers 
reported increases in their understanding of laboratory research and how biorenewables are 
created, and in their confidence to teach current scientific topics related to biorenewables (fuels 
and chemicals). Summer Academy and Plants in Society teachers practiced laboratory techniques 
in a guided inquiry environment and were exposed to biorenewables principles and the 
researchers, impacting their personal and professional philosophies related to science education. 
YES students gained valuable laboratory experience and participated in discussions about post-
secondary education and career options with Iowa State University faculty. 
 
Symbi, Iowa’s First GK-12 Program: Growing Iowa’s Scientists for a Greener Tomorrow.  
Symbi evaluation consists of pre- and post-surveys of teacher and fellow participants’ attitudes 
about science, pre- and post-surveys of workshop and training activities, monthly reporting of 
teaching and research activities, observations of classroom teaching and reviews of research 
presentations, pre- and post-surveys of middle and high school student attitudes towards science 
and career plans, focus groups with fellows and teachers, surveys of major professors, and 
surveys of fellow alumni. 
 
Over the course of the 2011-2012 academic year of the GK-12 program, the GK-12 fellows 
improved their scientific communication skills to an audience of middle school science students. 
Fellows reported significant gains in understanding of teaching strategies to engage middle 
school students in their learning about science, teaching strategies to integrate STEM concepts 
and methods in the middle school curriculum, teaching strategies to integrate mathematics into 
the middle school science curriculum, project-based learning approaches to teaching scientific 
research to middle school students, using technology to teach STEM concepts in middle school 
classrooms, classroom assessment approaches to evaluate middle school students’ learning 
outcomes, and the diverse culture of the middle school environment. Fellows also reported 
significant increases in confidence in working with middle school students in the following 
“In high school you have to have a very narrow 
mind.  Everything’s in a box; you have to think 
this. But here [in Young Engineers] there is no 
box, you have to be open-minded.” – 2012 YES 
participant 
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areas:  applying teaching strategies to engage students in learning science, identifying teaching 
strategies to integrate STEM into the curriculum, and determining the student level of learning. 
All the GK-12 teachers commented that the fellows made significant progress in their abilities to 
communicate STEM content to nontechnical audiences throughout the program, such that by the 
end of the program, fellows and students were adequately communicating with each other with 
relatively little effort. 
 
Having a resident scientist in eight middle school classrooms and two high school classrooms 
has resulted in changes in middle school and high school students’ interest in STEM disciplines, 
as well as how they perceive scientists, their roles, and how they engage in science activities in 
and out of the classroom. Because of their years of experience with middle school and high 
school students, teachers were more likely to observe the impact of the resident scientist in the 
classroom than fellows. Teachers stated that students had more interest in science overall, were 
more engaged in science activities, were more aware or careers in STEM areas, and had a better 
understanding of the connections among science, math, and the real world. Further, teachers 
reported that as a result of having a fellow in the classroom, their students were more likely to 
understand scientific concepts, principles, and strategies; think critically; understand how science 
is used in the real world; and provide evidence to support their conclusions. Generally, students 
came to recognize the resident scientist as a person to whom they were comfortable talking, 
encouraging their questions and interest in scientific research. As the fellows developed 
relationships with the students, the students were more likely to express their interest through 
participation and questioning. 
 
The value of the GK12 program to the teachers’ professional development is widely evident.  
The participating teachers are experienced science teachers but reported that they had significant 
increases in their level of understanding in several areas as a result of participating in this 
program: project-based learning approaches to teaching, using technology to teach STEM 
content in middle school classrooms, and classroom assessment approaches to evaluate learning 
outcomes as a result of participating in project-based learning activities. As a result of having a 
fellow in the classroom, the teachers also indicated that they have made changes in how they 
structure their instructional time for science. They devote more student time to conducting open-
ended experiments and working individually on inquiry-based activities.  Teachers also noted 
that they are structuring classes so that students are spending more time participating in 
opportunities for critical thinking and problem solving, reading about science, taking notes, 
participating in class discussions related to problem solving, working in pairs or small groups on 
inquiry-based activities, using classroom technologies to aid with learning or problem solving, 
and taking quizzes or tests. All of the teachers felt their curriculum and STEM content 
knowledge were enhanced through their participation in the program and having a fellow in their 
classrooms. 
 
Plans for Summer 2013 – Ten high-school science and PLTW instructors will participate in the 
2013 CBiRC RET. Two instructors will be returning to the CBiRC RET for their second year, 
including one instructor from New Mexico. Iowa’s EPSCoR grant will support 10 science 
teachers at the 2013 CBiRC Summer Academy for middle school teachers. The one-week Plants 
in Society and Biorenewables workshops will be offered in July 2013. A total of approximately 
40 elementary school teachers will participate in two 2013 workshops. The YES program will 
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host 8-10 high school students. The CBiRC Pre-College program will continue to look for 
opportunities to leverage support to provide professional development to K-12 instructors.  
Efforts will continue to engage students in STEM learning and career opportunities, including 
Science Day events, visits to campus and visits to K-12 schools. 
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4. Innovation Ecosystem 
 
Executive Highlights 
CBiRC’s Innovation Ecosystem has continued to expand and develop under Dr Peter Keeling: 
(i) Industry membership in the Center has grown to twenty-nine members, increasing from 
4 in 2009, 6 in 2010, 16 in 2011, 25 in 2012 and now 29 in 2013.  Our membership 
spans the entire value chain, broadening the range and scope of the IAB. CBiRC’s 
Operating Guidelines help define the role of the elected IAB Chairperson. Formal IAB 
meetings occur twice yearly during the CBiRC annual meetings;  
(ii) In the spring semester of 2013 we continued our Technology-Led Entrepreneurship 
Course.  Initially this was within the Graduate Minor in Biorenewables, but has now 
expanded to become a requirement of the Graduate Program in “Biorenewable 
Resources & Technology” run by the ISU Bioeconomy Institute.  One student from the 
2011 course won an NSF I-Corps grant and created a startup company and applied for 
an STTR grant from NSF;  
(iii) CBiRC’s Biobased Foundry created a startups Mentoring Program in 2012 using a base 
of funding through ISU and the College of Engineering.  The Foundry Mentoring 
Program is based on the principles of the NSF I-Corps, providing a vital added 
component of entrepreneurial support by nurturing ideas and stimulating critical 
evaluation of startup entities through our network of innovation partners.  
(iv) CBiRC’s Innovation Partnerships have strengthened, particularly around some of the 
startup entities and entrepreneurship efforts.  Thus, we are seeing the early stages of 
formation of several new startup entities that are being nurtured through our networks.  
GlucanBio continues and has attracted interest from venture partners; 
(v) We have continued to strive for good information flow to our industry members using 
our detailed confidential newsletter.  This is supported by webinars, our bi-annual 
meetings plus intranet access to CBiRC’s databases.  We have conducted some 
industry-requested teaching events in specific topic areas; 
(vi) CBiRC’s process for managing intellectual property is well established with excellent 
contacts with all institutional Offices of Intellectual Property and Technology Transfer.  
We now have over 20 invention disclosures with continued growth to build a portfolio. 
Each disclosure is offered to our membership under CBiRC’s operating guidelines; 
(vii) Some of CBiRC’s members are exploring or have formed sponsored projects under a 
two-way confidentiality agreement and sponsored projects agreement; 
(viii) Connectivity to CBiRC’s students continues with industry members presenting 
seminars to the students as part of their monthly seminar series, taking part in the SLC-
led Student Poster competition during the fall working meetings and actively 
participating in an “industry technology fair” also during the fall Working Meeting.  
(ix) Job and internship links are posted on the CBiRC web site and we post specific job or 
internship openings on our “Job Postings from Industry” web page.  Graduating CBiRC 
students are continuing to take positions with our industry members; 
(x) We continue to see many invitations to business summits as well as taking part in 
advisory panels for Infocast, Green Power and GTC-Bio, who are key global players in 
biobased conferences. CBiRC was showcased in conferences in San Diego, Dusseldorf, 
San Francisco, New Orleans, Rotterdam and Houston. 
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4.1. Vision, Goals and Strategy 
VISION: The overall vision of the Innovation Ecosystem Program is to help CBiRC become 
recognized as THE most notable biorenewable chemicals resource in the world.  We plan to 
achieve this by building and sustaining an active and innovative R&D platform that incorporates 
significant collaboration between the academic, industrial and innovation partnering membership 
of CBiRC. 
GOALS: The overall goals of the program include: (i) recruiting and retaining industry members 
as partners and collaborators in the Center, (ii) developing a more innovative culture in the 
Center by fostering entrepreneurship and a portfolio of patents in biorenewable chemicals, (iii) 
enabling an effective flow of information from the center into our industrial member companies 
to enable them to consider a more active involvement in the center including sponsoring projects, 
(iv) fostering a technology transfer platform for CBiRC inventions into the commercial sector, 
(v) providing valuable information to the innovation partners to help build a network of support 
for startup companies in the area of biorenewable chemicals, and (vi) supporting and steering the 
CBiRC management team in ways that enhance the education, research and overall strategy. 
 Specific membership goals include developing and positioning the industrial membership 
into a constituency of members that spans the entire value chain from biomass to 
biorenewable chemicals.  It is difficult to say how big this constituency should be, but we 
visualize this as positioning CBiRC to be THE go to center for biorenewable chemicals 
worldwide.  We envision a preponderance of companies in the same research space as 
CBiRC where sugars from biomass are converted using biological and chemical catalysis. 
We envision the development of new interconnections in this new value chain precisely 
because of the memberships in CBiRC.  
 Specific technology transfer goals include developing a patent portfolio that supports the 
technologies being developed in CBiRC.  We have reached agreement with ISU for 
channeling a portion of licensing payments to CBiRC and continue to work closely with 
the institutional offices of intellectual property and technology transfer.  
 Specific innovation goals include identifying startup opportunities as they emerge from 
the Center.  Each opportunity will be evaluated as an early-stage opportunity in a startup 
company versus being funded 
through a more established small 
medium or even larger entity.  
Alongside these goals, the center 
will continue to foster 
entrepreneurship through its 
teaching and innovation partners 
support as well as through the 
innovation venture partner network 
when more serious company 
development is required. 
STRATEGY: Our overall strategy 
incorporates CBiRC’s continued efforts to 
implement our focus on utilizing chemical 
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catalysis and biocatalysis to make inroads into the biorenewable chemicals space. Through this, 
CBiRC provides a unique opportunity to bring together US as well as international efforts on 
biorenewable chemicals.  
Significantly, our R&D efforts to convert 
biomass to valuable chemicals create a 
unique interface with the worldwide effort 
on converting biomass to liquid fuels.  
Both efforts rely on the same biomass and 
utilize the same polymerized sugars as the 
basic building blocks for fuels or 
chemicals.  Thus, we can build upon and 
refine our efforts based on the advances 
being made in the biofuels community.  
This creates an opportunity to think about 
an integrated refinery concept or at least a 
parallel development of technologies in 
biobased fuels and chemicals. 
CBiRC has developed some high-level graphics for conference presentations as well as handouts 
for visitors coming to the center.  We have found these to be a very valuable addition to our 
overall outreach efforts.  The Center has made hundreds of professional contacts with many 
companies in the worldwide biobased and chemical industry sector.  Ongoing membership 
discussions continue with many of these companies.  Also, CBiRC has become recognized as a 
player in the international conference circuit, which is greatly enhancing our worldwide visibility 
(see below).  
CONFERENCE INVITATIONS: CBiRC 
has become a known player in the 
international business conference circuit 
for biobased chemicals.  Specifically Peter 
Keeling is on the conference advisory 
boards and an invited speaker.  Some of 
these are shown to the right.  CBiRC is a 
regular presenter at the Infocast Bio-Based 
Chemicals Summits as well as the BIO 
World Congress meetings and GTC-Bio.  
These conferences and summits are THE 
key world biobased chemicals meetings.  
CBiRC takes an active part in Infocast and 
GTC-Bio planning meetings by being a 
member of their executive steering 
committees. These conferences provide a 
great forum for further expanding 
worldwide awareness of the center and 
identifying new candidate industry 
members. These conferences are in 
addition to the many research-based 
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conferences being attended by CBiRC’s research faculty.  
 
4.2. Membership 
CBiRC’s industry membership numbers have 
increased from the original four member companies 
in 2009, six entities in March 2010, sixteen 
members in March 2011, twenty-five members in 
March 2012, and now twenty-nine members in 
March 2013 (see Figure and Table below).  
CBiRC’s strategy for developing the industrial membership is based on recruitment and retention 
with continued efforts aimed at examining sponsorship opportunities. 
 Recruitment efforts involve reaching out to specific senior or executive decision makers 
in companies that are active across any portion of the entire value chain in the emerging 
biorenewable chemicals sector.  We build these connections through multiple points of 
contact including the LinkedIn professional networking website, as well as through our 
many professional connections.  We are also seeing an increase in new introductions to 
the center.  This is being driven from a broader international awareness of the center 
through conferences, publications, word of mouth, business summits etc. 
 Retention efforts include striving to optimize ERC / company interaction and benefits 
through establishing multiple points of contact in member firms.  Thus, CBiRC strives to 
cultivate an interest in joint projects, internships, networking, entrepreneurship, 
innovation, and involvement in testbeds, licensing intellectual property and other ERC 
opportunities such as sponsorship. 
 Sponsorship efforts include meeting Industry R&D needs alongside ERC needs in 
specific sub-project areas.  CBiRC also looks for industrial input during testbed 
implementation, including using project management tools such as timelines, go/no-go 
points, cross project integration, etc.  Strategies for increasing sponsored research 
projects with industry can include looking for technology opportunities aligned with 
translational research solicitations. 
 
Table: CBiRC Membership 2009 to Present 
MEMBERS 2009 2010 2011 2012 2013 
Startup 0 0 2 5 8 
Small 1 1 4 6 6 
Medium 0 0 1 1 1 
Large 3 5 9 13 14 
TOTAL 4 6 16 25 29 
 
TIERED MEMBERSHIP:  CBiRC offers three tiers of membership, including Strategic, Full and 
Sponsoring with four fee levels based on company size from Large, Medium, Small and Startup. 
Full membership includes an option to intellectual property.  Strategic membership was newly 
launched in 2010 and does not include an option to intellectual property, but otherwise offers the 
same benefits as Full membership.  Sponsoring membership includes dedicated research projects 
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tailored to each company in addition to the other 
rights membership.  The Startup category of 
company size was new in 2010 and is designed 
for very early stage companies. 
Company size is defined as:  
(i) more than 500 employees for Large entities. 
(ii) more than 60 and less than 500 employees for Medium entities. 
(iii) more than 10 and less than 60 employees for Small entities. 
(iv) less than 10 employees and not yet completed an IPO for Startup entities.  
 
POLICY FOR IP:  The 
guidelines prepared in 
discussion with NSF act as the 
framework for CBiRC’s policy 
for handling intellectual 
property.  Technologies are 
first presented to CBiRC 
member companies, next as 
ongoing research with 
summaries in research 
newsletters and annual reports 
and finally as technology 
offerings in the form of invention disclosures.  When technologies are still not taken, there is an 
opportunity to explore a new space including translational research. 
CBiRC is striving to identify 
innovations that can lead to 
specialized know-how or invention 
disclosures which in turn can create 
opportunities in technology transfer 
and new business developments.  
Working directly with the Offices 
of Intellectual Property and 
Technology Transfer CBiRC has 
developed detailed policy 
guidelines for processing and managing invention disclosures and Intellectual Property emerging 
from the Center. These policy guidelines are maintained by the ILO and may be revised from 
time to time.  Specifically CBiRC’s standard operating procedures and policy guidelines include 
the following topic areas: 
 Process for Public Disclosure: the decision to publish lies solely with the principle 
investigator (PI and co-PI).  Citation to all publications should be maintained in CBiRC’s 
Intranet Database. 
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 Process for Technology or Invention Disclosures: initial disclosure responsibility lies 
with the principle investigator (PI and co-PI) but later requires a 30 day evaluation by 
CBiRC Industry Members. 
 Process for Acknowledgement of Funding and Disclaimer: requires insertion of key 
wording into publications. 
 Process for Intellectual Property Licensing to CBiRC Members: requires a 120-day 
members-only evaluation process and notification of interest in licensing CBiRC 
technology by Members. 
 Process for Material Transfer among CBiRC institutions: requires that a process be 
followed. 
 Guidelines for SWOT Analysis with CBiRC Industry Advisory Board: requires that 
guidelines be followed. 
 Guidelines for CBiRC Industry Member 
Invoicing: requires that guidelines be 
followed. 
 Guidelines for Meetings with CBiRC 
Innovation Partners: requires that 
guidelines be followed. 
 
MEMBERSHIP TRENDS: Although most of 
our twenty-nine members are Full members, the 
Strategic membership opportunity works well 
for some companies who want to first explore 
the full breadth of what CBiRC offers before 
deciding to become fully engaged in the center.  
We expect to see continued growth in specific 
project sponsoring in the year ahead.  Fourteen 
companies are large multinational entities, one 
is medium and the rest are small/startup 
entities.  Many of CBiRC’s member companies 
have been in the news with technology 
announcements, joint ventures, acquisitions and 
partnering alongside a generally expanding 
biorenewable chemicals marketplace in the new 
and fast-moving biobased materials sector. During the past couple of years some of the IPO’s in 
this sector have raised considerable 
amounts of capital. 
All member companies have a 
significant presence in the US. 
Twenty-four of the member companies 
are US based (California, Colorado, 
Delaware, Illinois, Iowa, Michigan, 
Minnesota, New Jersey, Ohio, 
S.Dakota, Texas), with six of the 
member companies  based in Europe 
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(France, Germany, Netherlands) and one from the far east (Japan). Twenty-two member 
companies are Full members with nine entities opting for the Strategic membership option that 
denies them access to IP. To date two member companies have opted to drop their membership 
(1 in 2011, 1 in 2012) and in 2013 two startup companies went out of business. We believe that 
our prospects for continued membership growth are good as additional membership connections 
continue to develop through introductions, dialogue and the increasing visibility of CBiRC 
through national as well as international conferences and publications.  
The relevant industry sectors 
that are engaging with CBiRC 
span the entire length of the 
value chain but not yet its full 
breadth.  We see this as a 
continuing opportunity, 
enabling us to envision 
developing biorenewable 
chemicals that could connect 
us all the way from biomass to 
biobased chemicals and 
materials. It is important to 
recognize that the front end of 
the value chain is already 
established and relatively uncomplicated because it is so focused on converting biomass into 
fuels. In contrast, the back end of the value chain is much more complex than biofuels because of 
the diversity of biobased outputs.  CBiRC’s unique value proposition is to demonstrate how 
biomass can be converted all the way to a variety of biorenewable chemicals.  Thus, CBiRC 
provides a kind of glue that could connect these pieces together. Most importantly if these 
connections can be forged, there is significant opportunity for added value across the chain. 
Most of CBiRC’s company members continue to come from the middle sectors that form the 
overlap between biomass processing and chemical intermediates.  This is the same technical 
space that CBiRC occupies.  Here there are new companies that can be envisioned as technology 
developers.  Sometimes these technology developers will be biofuels companies who are adding 
biorenewable chemicals to their portfolio of activities.  There are also much larger companies 
that are already highly integrated across this value chain and can be envisioned as integrated 
processors and refiners.  
What is intriguing about this value chain is the multiplicity 
of companies involved in delivering a huge diversity of 
biobased material outputs such as: biopolymers, biopaints, 
biocoatings, bioresins, industrial biochemicals, 
biopackaging, biobottles, biocontainers, bioinks, biodyes, 
bioadhesives, biosealants, construction biochemicals, 
biosurfactants, cleaning bioagents, specialty biochemicals, 
food bioadditives, bioflavorings, biofragrances, 
biocosmetics.  It is clear that part of the opportunity for 
CBiRC is to help facilitate connections across this complex 
landscape. 
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MEMBERSHIP RIGHTS: 
We promote the many benefits of joining CBiRC through our web site, membership brochure 
and outside seminars.  These benefits include access to information, networking and recruiting, 
advising on strategic directions as well as options to intellectual property: 
1) Information: Exclusive CBiRC information provided through confidential newsletters, 
intranet and twice yearly two-day meetings (May and October). Provides early access to 
recent, not-yet-published research findings permitting royalty-free license for internal 
research. 
2) Webinars: Members are given more in-depth information and technical insights by 
exclusive access to CBiRC webinars and may invite faculty to give industry seminars. 
3) Network: Network with faculty, students and other partnering biorenewable chemical 
companies as well as innovation venture capital partners.  
4) Recruit: Inside track to a talented pool of potential interns and opportunity to hire 
CBiRC’s graduates or offer internships. 
5) Advisory Board: Industry Advisory Board Members recommend testbed design and 
target compounds and intermediates. 
6) Sponsor: Members gain an inside track to sponsor new projects within CBiRC. 
7) Disclosures: Option to negotiate a royalty-bearing commercial license for CBiRC 
invention disclosures (Full Members only). 
8) Startups: Opportunity to form a partnership with or explore ways to innovate with a new 
venture emerging from CBiRC. 
1) Information: We continue to look for ways to improve 
information flow to our growing membership.  One 
example of this is the Confidential Newsletter launched in 
the fall of 2010 in response to comments from the 
membership.  CBiRC’s detailed monthly newsletter 
incorporates summaries from each research thrust, as well 
as student spotlights, and highlights from the education, 
industrial collaboration and innovation programs.  The 
document is produced in HTML format with hypertext 
links and contains confidential information available only 
to CBiRC’s faculty, students and members.  Each month 
we highlight one student who has made substantial progress in their R&D. In addition we 
highlight one topic area from each thrust as well as making general updates to the work ongoing 
in the Testbeds.  We see this as our primary information disclosure vehicle disseminating know-
how, innovations and inventions as well as general information on upcoming meetings or 
important member information. 
2) Webinars and Invited Seminars:  Another improvement in the past year has been the 
incorporation of our centerwide meetings as webinars provided to all industry members whilst 
simultaneously webcasting to all CBiRC faculty and students. We also created an opportunity for 
industry invitations for faculty seminars. These events are used to provide more in-depth 
information and technical insights. CBiRC worked closely with the College of Engineering to 
develop a unique and powerful web-based capability. 
NEWSLETTER CONTENT 
 News & Conference Announcements  
 Industry Membership Program 
 Student/Postdoc Spotlights 
 Enzyme Engineering (Thrust 1) 
 Microbial Engineering (Thrust 2) 
 Chemical Engineering (Thrust 3) 
 Testbeds, Techno-Commercial & LCA 
 Education Program 
 Inventions & Intellectual Property 
 Innovation Ecosystem 
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3) Networking and Industry Seminars: During 
our biannual meetings we are striving to 
improve the networking opportunities amongst 
faculty, students and member companies. This 
includes greater opportunities for face to face 
meetings during the break times, such as by 
placing the drinks and foods amongst the 
poster exhibits and creating networking space 
around conference tables. In an effort to 
improve networking between CBiRC students 
and member companies, the IAB took part in 
the SLC-led Student Poster competition during 
the fall working meeting.  Additional 
examples are the involvement of our Industry 
Members in presenting seminars to the 
students as part of the student monthly 
seminar series and the involvement of our 
industry members in an “industry technology 
fair” during the October Annual Working 
Meetings.  This fair was a great success involving all the CBiRC students meeting with the 
industry members in an open-forum setting.  We are also beginning to explore sponsorship 
projects with some of the member companies as the opportunities come into view. 
4) Recruit:  Job and internship opportunities are emerging from the increased contact between 
students and members.  We actively promote job and internship opportunities by posting links on 
the CBiRC web site and we post specific job or internship openings on our “Job Postings from 
Industry” web page.  We also display student resumes and highlight graduating students in 
CBiRC newsletter articles for view by industry members. Several graduating CBiRC students 
have taken positions with our industry members. 
5) Advisory Board:  The Industry Advisory Board (IAB) has continued to take shape through 
interactions with the Center and discussions with the Innovation and Industrial Collaboration 
Program Director and election of an IAB Chairperson and Co-Chair.  Dr Joe Fox of Ashland 
took on the role of IAB Chairperson in May 2012 with Dr Kevin Schilling of GPC as the Co-
Chairperson.  Each year, during the May meeting, the co-Chair takes over the role of 
Chairperson and an industry member election process identifies the new co-chair.  
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Table: CBiRC Industry Advisory Board Members 
 Industry Advisory Board Title Company 
Ch Dr Joe Fox (IAB CHAIR) Director, Emerging Technologies Ashland Inc 
Co Dr Kevin Schilling (Co-CHAIR SVP, Research & Development Grain Processing Corporation 
1 Dr Carolyn Fritz CEO Allylix Inc 
2 Dr Joe Fox Director, Emerging Technologies Ashland Inc 
3 Dr Ross Madon Senior Research Associate BASF 
4 Dr Mitch Refvik  Product Development Manager Chevron Phillips Chemical Company 
5 Dr Karl Sanford VP Technology Danisco (DuPont Group) 
6 Dr Stefaan Wildemann-De Projects Director  DSM Group 
7 Dr K'Lynne Johnson President & CEO Elevance Renewable Sciences 
8 Dr Steve Brown Principal Endicott Biofuels 
9 Dr Steffen Schaffer Director Metabolic Engineering Evonik 
10 Ms Victoria Gonzalez Managing Partner Focus First (Nidus Partneres) 
11 Mr Bill Lee CEO Frontline Bioenergy 
12 Dr Steve Van Dien Director Research Genomatica 
13 Dr David Alonso Research Scientist Glucan Biorenewables 
14 Dr Rich Cilento CEO Glycos Biotechnology Inc 
15 Dr Kevin Schilling SVP, Research & Development Grain Processing Corporation 
16 Dr Rich Boden Director, Strategic Partnerships International Flavors & Fragrances 
17 Dr Gerhard Haas VP Manufacturing and R&D Jowat Corporation 
18 Dr Jean-Luc Fuentes Director Process & Technology Lesaffre Group 
19 Dr Bobby Bringi President  & CEO MBI 
20 Dr Rod Bailey Director Research  Michelin Group 
21 Dr Mike Cotta Research Leader NCAUR 
22 Dr Hans Liao Director Metabolic Engineering  OPX Biotechnologies 
23 Ms Shivani Garg President OmegaChea Biorenewables 
24 Dr Jamie Bacher President Pareto Biotechnologies 
25 Dr Greg Hartgraves Senior Director of Research POET 
26 Dr Peter Keeling Interim President SusTerea Biorenewables 
27 Dr Harrison Dillon CEO Solazyme 
28 Mr Tim Welle Manager The Biobusiness Alliance Minnesota 
29 Dr Katsushige Yamada RF Chief Research Associate Toray Industries 
Based on the ERC guidelines, the IAB Chairperson Responsibilities have been defined: 
 Acts as the primary focal point and chairperson for the IAB as a whole, where the IAB is 
the representing body for all the Industry Membership.  
 Is the primary point of contact for the IAB with the Innovation Director (Peter Keeling) 
and Center Director (Brent Shanks). 
 Conducts ad-hoc meetings, emails and consensus gathering forums on an as needed basis 
with all IAB members, relaying such information on an as needed basis to the Innovation 
Director. 
 Convenes a meeting twice each year with all IAB members. This occurs once at the NSF 
Site Visit Team meeting in May and again at the Annual Review Meeting in October and 
discusses common ground amongst the membership. 
 Convenes a meeting twice each year with the Center Leadership Team (Keeling, Shanks, 
Nikolau) including IAB members.  This occurs once at the NSF Site Visit Team meeting 
in May and again at the Annual Review Meeting in October and discusses issues raised 
by the membership as well as issues raised by the Center Leadership Team. 
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 Conducts a process to produce a SWOT analysis representing the consensus views of the 
IAB.  This must occur in February, in readiness for the May NSF Site Visit Team 
meeting.  
 Meets directly with the NSF Site Visit Team during the May meeting to discuss issues 
raised by the SWOT analysis as well as providing comments to questions from NSF Site 
Visit Team on the strategic direction of the Center. 
6) Sponsor:  Sponsoring activities continue to evolve with some of the member companies.  This 
starts with signing a mutual confidentiality agreement that names specific PI’s in CBiRC and 
specific projects tabled for discussion.  This higher level of confidentiality enables an 
appropriately detailed dialogue with the member companies and leads to a specific project 
opportunity that is then defined in detail and later covered by a Sponsored Project Agreement. 
7) Disclosures: CBiRC is continuing to 
actively build a pool of invention 
disclosures and intellectual property 
opportunities. Brought together, this is 
taking shape into a valuable portfolio. 
For example, the disclosures are shown 
here (color-coded by thrust): with Thrust 
1 with six inventions at the base of 
CBiRC’s biobased chemicals tree 
(orange), Thrust 2 with six inventions in 
the middle (blue), and Thrust 3 with 
nine inventions in the upper area 
(green). In accordance with CBiRC’s 
technology transfer policy guidelines 
(see below) the disclosures are made 
available to member companies. 
8) Startups:  CBiRC is actively forming 
startup companies or sometimes recruiting startup or early stage entities that are looking to form 
partnerships with or investment opportunities with larger companies. 
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Organization Sector
Product Focus
(Industry only)
Type of 
Involvement Domestic / Foreign
Size
(Industry Only)
New Partner
(Yes/No)
Allied Minds Venture Capitalists N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Ceramatec, Inc. Other Sector N/A Participation in 
translational research
Involvement in 
Technology Transfer
Domestic N/A Yes
Cimarron Capital Partners Venture Capitalists N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Equity Dynamics Venture Capitalists N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Illinois Ventures, LLC Venture Capitalists N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Iowa Economic Development Agency State government N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Iowa Energy Center State government N/A Participation in 
education/outreach 
activities
Participation in 
innovation/entreprene
urship activities
Domestic N/A No
ISU Pappajohn Center for 
Entrepreneurship
State government N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
ISU Research Foundation Other Sector N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
ISU Research Park Other Sector N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
ISU Small Business Development Center State government N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Khosla Ventures, LLC Venture Capitalists N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Kleiner Perkins Caufield and Byers Venture Capitalists N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Mayfield Fund Venture Capitalists N/A Participation in 
innovation/entreprene
urship activities
Domestic N/A No
Technology Holding, LLC Other Sector N/A Participates in 
science/engineering 
research projects
Participation in 
translational research
Involvement in 
Technology Transfer
Domestic N/A Yes
Section 2: 15  Innovation Partners
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4.3. Technology Transfer 
INVENTIONS, PATENTS AND LICENSES: CBiRC filed multiple Invention Disclosures on 
CBiRC discoveries as well as additional Invention Disclosures from associated projects.  In 
accordance with our guidelines, these disclosures have been forwarded to our Member 
companies, who are expressing an interest in some of the technologies but none have yet been 
taken as far as a licensing option. 
Table: CBiRC IP since Inception (CBiRC) 
IP # License IP Short Title Brief Description of Technology (non-enabling) 
CBiRC 
Owner 
Year 
Filed 
UM File 
#4421 
Application 
License Methyl Ketone 
Synthases 
Methyl Ketone Synthases are Central in the Biosynthesis of 
Methylketones from Intermediates of the Fatty Acid 
Biosynthetic Pathway. 
U.Michigan 2009 
ISURF 
#03768 
1 Abandoned 
None Selective 
Dehydration of 
Hexoses. 
Selective Dehydration of Hexoses to 5-
hydroxymethylfurfural. Abandoned due to earlier patent 
application by Wisconsin (WARF). 
Iowa State 
Univ 
2009 
ISURF 
#03796 
Application 
None Alpha Olefins 
from Organic 
Acids 
Alpha Olefins from Organic Acids Iowa State 
Univ 
2010 
ISURF #3864 
1 Disclosure 
None 4-Alkyl Benzoic 
Acids 
Synthesis of 4-Alkyl Benzoic Acids Iowa State 
Univ 
2010 
WARF 
P100264US01  
Application 
None Pyrone Ring 
Opening 
Production of 2,4-Hexadienoic Acid and 1,3- Pentadiene 
From 6- Methyl-5,6-dihydro-2-pyrone 
Univ 
Wisconsin 
2010 
ISURF 
#03827 
1 Disclosure 
None Acyl-CoA 
Synthetase and 
Redox 
Control of Acyl-CoA Synthetase by Modifying Redox 
Regulation 
Iowa State 
Univ 
2010 
RICE #2010-
048  
6 Disclosures 
Option Bacteria and 
Methods for 
Synthesizing Fatty 
Acids 
A Recombinant Bacterium and a Method for Producing Fatty 
Acids 
(Multiple disclosures being combined into a single filing) 
Rice Univ 2010 
ISURF 
#03919 
Application 
None Novel 
Thioesterases 
The Functional Characterization of Novel Thioesterases for 
the Production of Functionalized Carboxylic Acids. 
Iowa State 
Univ 
2011 
WARF 
#P110282 
Application 
None Diones from 
Pyrone 
Production of Pentane-2,4-dione from 4-hydroxy-6-methyl-2-
Pyrone. 
Univ 
Wisconsin 
2011 
WARF 
#P120054 
Application 
Option HMF from 
Glucose 
Combined Lewis and Bronsted Acid Catalyzed Production of 
5-hydroxmethylfufural (HMF) from Glucose (). 
Univ 
Wisconsin 
2011 
RICE #2012-
031 
Application 
Option Free Fatty Acids Methods to Produce Free Fatty Acids from Renewable Carbon 
Sources. 
Rice Univ 2012 
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UNM STC-
2012-112 
None Hydrothermal 
Stability 
Improved Hydrothermal Stability of Oxides With Carbon 
Coatings 
Univ New 
Mex 
2012 
UNM STC-
2013-047 
None Nano Cryst 
Niobia/Carbon 
Synthesis of Nano Crystalline Niobia/Carbon Composites 
with Improved Hydrothermal Stability 
Univ New 
Mex 
2013 
RICE #2013-
038 
None Odd Chain Free 
Fatty Acid 
Genetically Engineered Escherichia Coli Strains That Produce 
Odd Chain Free Fatty Acid   
Rice Univ 2013 
ISURF 
#04083 
None Novel 3-KAS III Using novel 3-Ketoacyl-Acyl Carrier Protein Synthases III 
(KASIII) for the production of novel bi-functional fatty acids 
Iowa State 
Univ 
2013 
RICE #2013-
047 
None Short Chain Free 
Fatty Acid 
Genetically Engineered Escherichia Coli Strains That Produce 
Short Chain Free Fatty Acid 
Rice Univ 2013 
ISURF 
#04098 
None React captodative 
alkenes with met-
coumalate  
Reaction of captodative alkenes with methyl coumalate to 
produce terephthalates 
Iowa State 
Univ 
2013 
Table: CBiRC IP since Inception (Associated) 
IP # License IP Short Title Brief Description of Technology (non-enabling) 
Associated 
Owner 
Year 
Filed 
PCT/US2009/
062440 
Application 
None Microaerobic 
Glycerol to 
Chemicals 
Microaerobic Cultures for Converting Glycerol to Chemicals Associated 
Rice Univ 
2009 
PCT/US2010/
0104872  
Application 
None High Protein Low 
Starch QQS 
Soybeans 
High Protein Low Starch QQS Soybeans for Enhanced Value Associated  
Iowa State 
2009 
ISU File 
#03790 
Application 
None Biological 
Isobutene 
Production 
Biological Isobutene Production Associated 
Iowa State 
2010 
P100099US01 
WARF 
Application 
None Hydrocarbons 
from lactones, 
acids, and/or 
alcohols 
Integrated Process and Apparatus to Produce Hydrocarbons 
from Aqueous Solutions of Lactones, Hydroxy-Carboxylic 
Acids, Alkene-Carboxylic Acids, and/or Alcohols 
Associated 
U.Wisconsin 
2010 
P100112US01 
WARF 
Application 
None Methyl-vinyl 
ketone from 
levulinic acid 
Production of Methyl-Vinyl Ketone from Levulinic Acid Associated 
U.Wisconsin 
2010 
2010-000 
RICE 
Disclosure 
None NADP-Dependent 
GAPDH 
Native NAD-Dependent GAPDH Replaced with NADP-
Dependent GAPDH 
Associated 
Rice Univ 
2010 
2011-001 
RICE 
Disclosure 
None Reverse Beta 
oxidation  
Reverse Beta Oxidation for Synthesis of Chemicals Associated  
Rice Univ 
2011 
2012 
NewMexico 
Disclosure 
None Synthesis of 
Palladium 
Nanoparticles 
Nanostructured Catalysts for Hydrogen Generation from 
Renewable Feedstocks 
Associated  
Univ New 
Mexico 
2012 
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US7,927,859 
JP4,771,437 
Patent 
None High Molar 
Succinate Yield 
High Molar Succinate Yield by Increasing Intracellular 
NADH 
Associated  
Rice Univ 
2012 
US7,901,924 
Patent 
None Bacterial CoA Increased Bacterial CoA and Acetyl-CoA Pools Associated  
Rice Univ 
2012 
 
TECHNOLOGY TRANSFER:  As well as invention disclosures, CBiRC continues to identify a 
variety of technologies that have potential for technology transfer. These technologies range 
from materials, parts and components to knowhow and tools and we are beginning to see our 
member companies requesting access and this sometimes requires material transfer agreements 
and two way confidentiality agreements. Examples include: 
 Sequence information: some of our member companies requested to obtain sequence 
information to some of the sequences we have been using in one of our testbeds.  We 
know these sequences are being evaluated for their commercial potential.  
 ThYme enzyme database: some companies are accessing the ThYme database. This is a 
rich repository of information about the enzymes involved in fatty acid and polyketide 
biosynthesis. Based on web tracking software, this technology receives over 300 hits per 
month (after excluding hits from Iowa State University).  Based on IP addresses, the 
connections are being made from both academia and industry and we are seeing traffic 
coming from all over the world including specifically USA, Canada, China, Great 
Britain, Germany, France, Switzerland, S. Korea, India, Japan and Taiwan. 
 Specific technologies: other member companies are exploring their interests in specific 
technologies emerging from CBiRC.  In addition, some startup companies are being 
formed as a result of some technologies developed in CBiRC. 
 
Table: Technology Transfer  
Adopting 
Company Technology 
When 
transferred 
Industrial Application 
Use in Company Impact 
Multiple 
Entities 
ThYme Enzyme 
Database (ISU) 
2010 to Present Research and Development. Not known 
Company A Material Transfer of 
Enzyme Sequences. 
2010 Research and Development. Not known 
Company B Decarboxylation 
Technology (ISURF) 
2011 Research and Development. Not known 
Company C Pyrone  Chemistry 
Technology (WARF) 
2011 Research and Development. Not known 
Company D Amidation Chemistry 
Technology 
2011 Research and Development. Not known 
Company E Methyl Ketone Synthase 
Technology (Mich) 
2011 Licensed: Research and Development. Not known 
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Company F Selective Dehydration 
of Hexoses (WARF) 
2011 Option: Research and Development. Company Founded 
Company G Fatty Acid Synthesis in 
E.coli (Rice) 
2012 Option: Research and Development. Translational 
Research 
Company H Biocatalysis and 
Bifunctionals (ISURF) 
2012 Research and Development. Company Founded 
and Translational 
Company I Biocatalysis and 
Pyrones (Salk) 
2012 Research and Development. Company Founded 
Company J Methods Synthesizing 
Fatty Acid (Rice) 
2012 Option and License Negotiation Translational 
Research 
Company K Free Fatty Acids (Rice) 2012 Research and Development. Translational 
Research 
Company L Catalysis and Aromatics 
(ISURF) 
2013 Research and Development. Translational 
Research 
Company M Hydrothermal Stability 
(NewMex) 
2013 Research and Development. Discussions Pending 
Company N Nano Cryst Niobia 
/Carbon (NewMex) 
2013 Research and Development. Discussions Pending 
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Fig. 4.1.  CBiRC technology transfer chart. 
Technology Outcomes: 
T1 – Integrated biocatalytic and chemical catalytic platform for the production of pyrone derivatives; this 
platform will integrate highly novel technologies across Thrust 1, 2 and 3.  
T2 – Integrated biocatalytic and chemical catalytic platform for carboxylic acids and their derivatives; this 
platform will integrate highly novel technologies across Thrust 1, 2, and 3.  
T3 – Integrated biocatalytic and chemical catalytic platform for bifunctional chemicals and their 
derivatives; this platform will integrate highly novel technologies across Thrust 1, 2, and 3.  
T4 – Novel synthetic pathway based on reversing the beta-oxidation pathway. 
T5 – Bioinformatics and computational modeling methods that integrate gene expression profiling 
datasets at multiple levels of expression (transcriptome, proteome, metabolome and flux analysis) for the 
systems level deciphering of metabolic outcomes of genetic manipulations. 
T6 – Novel biocatalysts for prematurely terminating fatty acid/polyketide synthase reaction scheme using 
the thioesterase enzymes as the paradigm. 
T7 – Comprehensive database of diverse biocatalysts that can be used to modify and diversity fatty 
acid/polyketide synthase reaction pathway. 
T8 – Novel bi-functional chemical catalyst systems that convert glucose to 5-hydroxymethyl furfural. 
T9 – Route to bio-based terephthalic acid. 
T10 – Hydrothermally stable catalyst supports. 
  
T1
T2
T3
T4
T5
T6
T7
T8T9
T10
Breakthrough
Technology
Technology 
Impact
Incremental
Impact
Idea Stage                           Technology Maturity Level Technology Transferred
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4.4. Innovation 
CBiRC’s world of 
innovation has continued 
to evolve over the last year.  
It now embraces a broader 
view of its role in 
stimulating a multi-faceted 
dialog around ideas, 
innovations and inventions 
in the Center. We visualize 
this as a kind of open-
innovation ecosystem contained within a members-only structure (depicted visually in this 
graphic). The ERC exists in the front half of this pipeline of opportunities. Working with its 
Industry Members and Startup companies, the Center narrows-down the focus to a subset of the 
most viable innovations. Sometimes (depicted by arrows) these come from outside, other times 
they are internal or flow outside or even flow between companies. The most advanced ideas flow 
to the project R&D stage and eventually broaden-out into the commercial realm. Sometimes 
there is an opportunity to incorporate early-stage ideas into a translational research opportunity.  
What became clear from the multi-way discussion within the ERC is that early stage innovations 
still retain significant risk. In this form the innovations do not readily transfer to member 
companies and a different mechanism was needed. This led to the formation of the CBiRC 
Biobased Foundry (described below) which has many similarities to the NSF I-Corps program. 
The Biobased Foundry acts as an idea incubator, nurturing early-stage startups through 
technology-led 
entrepreneurship. 
TRANSLATIONAL 
RESEARCH STRATEGY: 
CBiRC is actively exploring 
the potential for stimulating 
engagement in novel 
innovations through its 
innovation network.  This 
includes using NSF 
translational research grants 
in collaboration with large 
and small member firms, 
venture partners and startup 
entities.  In general the larger 
entities are more risk averse 
than startups and smaller 
entities.  The translational 
research grants create a 
space in which large and 
small can coexist.  This strategy requires that the ERC have an innovation friendly infrastructure 
that nurtures and supports the formation of early stage companies. In CBiRC, this takes the form 
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of understanding startup strategies, having an active and viable network of Innovation Partners, 
fostering a culture of entrepreneurship in the center and providing a supporting framework for 
startup entities.  
DEVELOPING STUDENTS:  CBiRC has continued to host a 
technology-led entrepreneurship course for graduate students. 
Initially this was within the Graduate Minor in Biorenewables, but in 
2012 this expanded to become a requirement of another Graduate 
Program at Iowa State University (Biorenewable Resources and 
Technology Program) run by the ISU Bioeconomy Institute.  
 The Graduate Minor allows students 
from a variety of allied disciplines to 
understand the opportunities for 
developing biorenewable chemicals via 
a combination of biocatalytic and 
chemical catalysis steps.  Students in 
the minor gain a background in the 
general issues related to the emerging 
biobased industry, production and 
processing of biorenewable resources 
and exposure to the economic and 
environmental realities of the chemical 
industry.  
 The entrepreneurship course provides 
explicit entrepreneurship experience 
within the context of the biobased economy.  The course was founded in 2011 when we 
were fortunate to win a Coleman Fellows award to help us get started and formulate our 
ideas.  The text box provides a short summary of the topics in the course on a weekly 
basis.  The course is focused on graduate students/postdoctoral scholars and importantly 
is technology-led with an emphasis on actually guiding the students into the steps 
required to found a startup company.  The course is run by CBiRC’s Innovation Director 
but includes individual classes given by CBiRC’s local Innovation Partners.  
 The course culminates with the “Dragons Den” 
where the course presenters become a panel of 
venture evaluators, with the students seeking 
support for and direct guidance on their 
technology and its readiness for startup funding.  
The students are required to deliver a 
presentation (5 minutes) of their company idea and then the panel will respond (5 
minutes) with what they like or dislike about the project proposals. The best ideas from 
the course are offered further support (Biobased Foundry) if the student is willing and 
interested.  Each course creates an environment that supports technological ideation and 
therefore delivers a process that allows students to visualize how technologies can lead to 
entrepreneurship. Importantly the course also compares the entrepreneurship skills 
required for building the case for a new project within an established company comparing 
this process with that of creating a business plan for a startup entity. 
TECHNOLOGY­LED ENTREPRENEURSHIP  
 Introduction to Entrepreneurship  
 Finding an Epiphany from Research 
 Funding from Grants such as SBIR/STTR 
 Founding a New Entity and Company Structures 
 Forming with University Research Parks as 
Incubators 
 Framing with Large Entities, Angels or VCs 
 Proof of Principle/Concept and Stage‐Gated Project 
Management 
 Critical Techno‐Commercial Analysis 
 Intellectual Property and University Support 
 Assets and Activities 
 The Value Proposition 
 Businesses Development and Local Support 
 The Business Model Canvas and Business Proposal 
 Student Presentations (Students) 
 The Dragons Den (Students) 
 Total number 
of Students 
Non-ISU 
Students 
2010 0 0 
2011 14 4 
2012 13 5 
2013 11 4 
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 One student from last year’s course won an I-Corps grant.  
The student later founded a startup and applied for an 
STTR from NSF. The I-Corps grant aided the student, but 
importantly the experiences were brought back to CBiRC 
and incorporated into our curriculum to create the BioBased 
Foundry. 
CRITICAL MENTORING IN BIOBASED FOUNDRY: We are 
striving to create a broader infrastructure that will nurture and support 
early stage innovations and encourage a translation of the 
entrepreneurship course into a startup entities. We call this the 
Biobased Foundry.  The College of Engineering provided stimulus funding and plans to 
incorporate our concepts into the college program.  We see this as providing an array of critical 
tools and mentoring support that help to identify and nurture the best ideas. 
The CBiRC Innovation Director provides 
vital early-stage support to these fledgling 
ideas. Specifically the Biobased Foundry 
is formulated around using the Business 
Model Canvas to create testable 
hypotheses and reaching out to future 
customers.  This requires experience in the 
startup space as well as a broad high-level 
of understanding of the technologies 
emerging from the center.  Ideas soon die 
without this kind of support to fan the 
flames of entrepreneurship. 
ECOSYSTEM PARTNERS: In support of our strategy to speed the development of our 
knowhow and technologies, CBiRC’s Innovation Ecosystem Partners program has evolved 
considerably in the last year. Thus we are now well established with formal connections to: (i) 
Local Innovation Resources; (ii) Local Economic Development resources; (iii) Local Proof of 
Concept Centers; (iv) Partnering Resources at Other Institutions; (v) Innovation Partners; and 
(vi) Industry Venture Members. 
 
Table: CBiRC Innovation Ecosystem Partners 
Local Resources Title Organization 
David Oliver Interim VP, ISU Research Economic ISU Office Research & Economic Devel 
Steve Carter Director, ISU Research Park ISU Research Park 
Lisa Lorenzen Director, ISU Intellectual Property ISU Office of Intellectual Property 
Mike Upah Director, ISU Small Business Progrm ISU Small Business Administration 
Kris Johansen Manager, ISU SBIR Program ISU SBIR/STTR Support Office 
Judi Eyles Manager, ISU Entrepreneurship Pappajohn Center & Coleman Fellows 
Donna Johns Counsel, ISU Intellectual Property ISU Office of Intellectual Property 
Rick Neumann Senior Law Partner, Des Moines Nyemaster Goode P.C. Law Firm 
Economic Development Title Organization 
Roger Underwood Chairperson Iowa Seed and Angel Investors 
Lisa Lorenzen Advisor Iowa Values & Demonstration Fund 
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Mark Laurenzo Manager Business Development Iowa Economic Development Authority 
Bret Weber Manager Bioscience Developments Iowa Economic Development Authority 
Anke Goebel Manager Biobusiness, Germany Iowa Economic Devel. Auth., Germany 
Proof of Concept Centers Title Organization 
Larry Johnson Director and Professor, BCRF ISU Biocentury Research Farm 
Kevin Nordmeyer Director, BECON ISU Biomass Energy Conversn Facility 
Larry Johnson Professor and Director, CCUR ISU Center Crops Utilization Research 
Partnering Resources Title Organization 
Brenda Brooks Manager, Intellectual Property Penn State University, PA 
Mark Staudt Manager, Intellectual Property Rice University, Texas 
Paul Roben Director, Business Development Salk Institute, California 
Kevin Kennan Manager, Intellectual Property University of California, Irvine 
Kenneth Nisbet Director, Intellectual Property University of Michigan 
Shannon Denetchiley Manager, Intellectual Property University of New Mexico 
Jennifer Gottwald Manager, Intellectual Property University of Wisconsin 
Marie Kerbeshian Manager, Intellectual Property University of Virginia 
Innovation Partners Title Organization 
John Banta Senior Partner Illinois Ventures 
Matt Kinley Senior Partner Pappajohn Equity Dynamics 
Alex Kinnier Senior Partner Khosla Ventures 
Ajit Navare Senior Partner Kleiner, Perkins, Caufield & Byers 
Todd Kimmel Senior Partner Mayfield Fund 
Mark Huston Portfolio Manager Iowa Fund of Funds, Cimarron Capital 
Roger Yang Senior Partner Allied Minds 
Victoria Gonzalez Managing Partner Nidus Investment Partners 
 
 Local Resources: CBiRC’s Local Innovation Partnership has taken shape around the local 
innovation-support offices associated with ISU (Pappajohn Center for Entrepreneurship, 
Research Park, Entrepreneurship Courses, Offices of Intellectual Property and Small 
Business Administration Offices) as well 
as the law offices of Nyemaster Good PC. 
Our local Innovation Partners represent 
the first port-of-call for CBiRC 
entrepreneurial activities and were an 
integral and active participant in our 
course on Entrepreneurship.  They were 
also important during the founding of Glucan Biorenewables, our first startup entity. 
Thus, Glucan Biorenewables was founded early in 2011 using early-stage funding from 
the “Grow Iowa Values” fund.  By aligning local funding with NSF translational research 
funding opportunities, CBiRC is well position to develop technologies with smaller 
entities and startups. 
 Economic Development: CBiRC also partners with 
several State of Iowa economic development 
organizations (Iowa Economic Development Authority, 
Grow Iowa Values Fund & Iowa Demonstration Fund, 
Iowa Seed/Angel Funds and University/State Business 
Plan Competitions).  Our economic development 
partners bring connections across the Midwest with a 
variety of organizations including of course our existing industry members.  These 
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organizations are highly aligned with our goals and directions, seeing biorenewables as a 
vital component of economic growth in the Midwest. 
 Proof of Concept Centers:  We have also begun to 
reach out to ISU Proof of Concept Centers in biomass 
processing and fermentation capability (BioCentury 
Research Farm, Biomass Energy Conversion Facility and Center for Crops Utilization 
Research).  These centers offer an opportunity for scaling-up processing of biomass in 
support of our testbeds. Such centers offer us a way of beginning to build towards pre-
pilot and pilot scale opportunities. 
 Partnering at Other Institutions: CBiRC works closely with the offices of intellectual 
property and technology transfer in all various partnering institutions.  Of course this 
connection is essential for our invention disclosure process, but we also see this as a way 
of developing new relationships around the biorenewable chemicals innovations in 
CBiRC as well as with associated projects.  Thus the partnering resources offer a way of 
broadening our portfolio of 
entrepreneurial opportunities. 
 Innovation Partners:  We see our 
Innovation Partners as a later-stage port-
of-call when rapid scale-up is required 
with more significant investment and 
venture capital opportunities emerge from 
the Center. CBiRC’s Innovation 
Partnership has significant potential with 
representatives from Khosla Ventures, 
Illinois Ventures, Equity Dynamics, 
Mayfield Fund, Cimarron Capital, Allied Minds, Nidus Partners and Kleiner Perkins 
Caufield and Byers.  However, although it is clear that there is an increasing interest in 
opportunities emerging from CBiRC, we do not yet have anything tangible enough to 
offer as a specific technology for their investment interest. We expect that some 
opportunities of sufficient magnitude will emerge that will one day enable us to reach out 
for significant venture capital funding. 
 Industry Venture Members:  CBiRC has begun to create a network of Industry Venture 
Members. This offers an important step forwards into furthering our innovation 
ecosystem because the Venture Members are the venturing arms/divisions of CBiRC’s 
existing industry members. These companies have a vested interest in CBiRC technology 
and importantly have signed CBiRC’s Confidentiality Agreement. This creates a path 
forwards into exploring partnership deals between CBiRC startup companies with 
possible funding opportunities with the larger entities. 
ROADMAP DEVELOPMENT:  CBiRC continues to evaluate implementation strategies for the 
technology emerging from the center.   Because this will be a capital-intense process, an 
attractive option is to build that implementation around reconfiguring existing ethanol production 
facilities.  This has the added attraction of offering the ethanol industry a higher value product to 
replace or supplement ethanol production. 
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The diagram on the right depicts 
the various production steps we 
envision for implementation and 
illustrates the point that the novel 
microbes developed by CBiRC 
can replace the existing microbes 
used by the present ethanol 
industry.  Thus, changing the 
microbe will result in a changed 
process inside an existing 
infrastructure.  The flow chart at 
the base of this diagram shows the 
steps towards scale-up from 
testbed to prepilot to pilot and 
finally commercial production in an actual biorenewable chemical plant or facility.  Once this is 
operational at a commercial scale the system can be replicated in many production facilities 
across Iowa and elsewhere. 
At the testbed level, the evaluation can be handled internally within CBiRC, producing 10 grams 
of product.  However, the next step, envisioned to be in the kilogram range, is a couple of orders 
of magnitude greater production.  We have labeled this as pre-pilot or possibly pilot scale.  This 
scale of production will one day involve our member companies, but initially we anticipate a 
need to use our local innovation proof of concept centers that will provide important scale-up 
capability.  Specifically this may include the BioCentury Research Facility (BCRF), Biomass 
Energy Conversion Facility (BECON) and Center for Crops Utilization Research (CCUR) where 
there are processing capabilities that lie in pre-pilot scale, expanding up to pilot scale.  
NEW BUSINESSES:  An ERC has considerable potential to engage small firms and create 
startup company opportunities.  CBiRC’s strategy is to explore this on a case-by-case basis as 
opportunities emerge from core research, testbed research and development as well as from the 
discoveries emerging from new tools and components being developed in the center.  Of course 
these opportunities will first be offered to our industry members and only later provide an 
opportunity to engage outside organizations.  CBiRC is still building a constituency of 
connections in the rapidly evolving biorenewables space.  Opportunities are likely to emerge 
from new biorenewable chemical entities, evolving biofuels companies as well as through our 
network of innovation partners. 
 CBiRC has been instrumental in the formation of several startups: Glucan Biorenewables 
was launched early in 2011. In 2012/13 CBiRC was instrumental in the formation of 
several new startup entities including SusTerea, SolysTE, Pareto and OmegaChea. All are 
currently in “stealth mode” having formed relatively recently. 
 CBiRC in Iowa has engaged legal support from Nyemaster Goode PC as a preferred legal 
partner.  This includes patent strategy, recognizing that each institution has multiple 
preferred providers for patent filing.  
 CBiRC faculty have an entrepreneurial streak as evidenced by relatively more established 
ventures such as Virent (Professor Jim Dumesic), Allylix (Professor Joe Noel), 
GlycosBio (Professor Ramon Gonzalez).  These internal examples provide good 
guidance that a little nurturing combined with connections to local innovation partners 
Testbeds (1L) Pre-Pilot (250L) Pilot (5,000L) Plant (T) Iowa (10mT/yr)
mg/batch           1-10g                  1-2kg                20-40kg           1,000Tonnes        100,000T
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and local resources as well as using government grants are first ports of call for funding 
and initial stages of growth and company development.  
 
Table: CBiRC Start-up Firms 
Name of 
Firm 
Date 
Establish
ed 
Name of 
Principle & 
Relationship to 
ERC 
Funding 
Status Technology Market Impact
GlucanBio 2011 Jim Dumesic, 
Peter Keeling, 
Brent Shanks 
Founder Funds 
$72,000 GIVF 
$200,000 NSF 
Hydroxymethylfurfural 
technology, University of 
Wisconsin and Iowa State 
Partnering with 
investors. SBIR 
applications 
OmegaChea 2012 Shivani Garg,  
Peter Keeling, 
Marna Nelson, 
Basil Nikolau 
Founder Funds 
$50,000 iCorps 
$100,000 i6gree 
STTR Applictn 
Bifunctional Chemicals, 
Iowa State University 
Pending 
Pareto 2012 Jamie Bacher, 
Michael Burkart 
Joe Noel 
Founder Funds 
SBIR Applictn 
Pyrone Chemicals, Salk 
Institute 
Pending 
SusTerea 2013 George Kraus, 
Peter Keeling, 
Brent Shanks 
Founder Funds 
PFI Applictn 
Terephthalic Acid, Iowa 
State University 
Pending 
SolysTE Pending Shivani Garg, 
Basil Nikolau 
Founder Funds Fatty Acids, Iowa State 
University 
Pending 
 
TRANSLATIONAL RESEARCH:  CBiRC has begun to explore translational research 
opportunities and expects to do more as they arise and provided that they align with appropriate 
business opportunities.  Thus, NSF provides several opportunities for supporting translational 
research emerging from ERC’s: (i) Technology Translation Grants, (ii) Support for Small 
Businesses, and (iii) ERC Translational Research Funds.  
In one example, CBiRC was awarded NSF funding under the Support for Small Businesses 
solicitation.  This is linked to a first spin-off opportunity using technology emerging from 
CBiRC’s R&D activities.  Thus, a new startup entity was formed early in 2011 (Glucan 
Biorenewables) with foundations in the laboratories of Professor Dumesic and Professor Shanks. 
Glucan Biorenewables secured some initial funding from the State of Iowa and secured 
technology from WARF (7,572,925) and Iowa State University.  Interestingly two of CBiRC’s 
small entity member companies were founded prior to CBiRC forming.  Thus, both Allylix and 
GlycosBio emerged from scientific foundations with faculty in CBiRC (respectively Professor 
Gonzalez at Rice and Professor Noel at Salk).  Initial progress for the Translational Research 
funding is reported. 
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Table: Technology Translation Innovation Proposals Submitted by CBiRC 
Proposal # Innovation Proposal Title Year Status 
1311995  
(NSF-PFI  12-571) 
PFI: AIR Research Alliance - Bio-based Production of a Coumalate 
Platform by Fermentation and Catalysis. 
2013 Pending 
1321520 
(NSF-STTR 12-592) 
STTR Phase I: OmegaChea - An advanced manufacturing company 
focused on producing sustainable bio-based commercial chemicals. 
2013 Pending 
1246376  
(NSF-SECO 12-543) 
SECO: Small Business ERC Collaborative Opportunity to Develop 
a Biomass Conversion to Fatty Acids Platform. 
2013 Awarded 
1246290  
(NSF-SECO 12-543) 
SECO: Small Business – ERC Collaborative Opportunity:  Bio-
based Terephthalic Acid Production by Fermentation and Catalysis. 
2013 Declined 
4 
(NSF i6-Green) 
Bio-based Production of Terephthalic Acid 2012 Awarded 
3 
(NSF i6-Green) 
Characterization of biocatalysts for novel production platforms for 
diverse bi-functional precursors of polymers and surfactants 
2012 Awarded 
Grow Iowa Values 
Fund 
Glucan Biorenewables LLC 2012 Awarded 
L02328126  
(NSF-AIR 12-511) 
PFI-AIR: Bio-based Terephthalic Acid Production by Fermentation 
and Catalysis. 
2012 Abandoned 
L02328220  
(NSF-AIR 12-511) 
PFI-AIR: Integrated Flux Platform Technology for Improved 
Microbial Strain Bioengineering 
2012 Abandoned 
L02328254 
(NSF-AIR 12-511) 
PFI-AIR: Novel Bioprocesses for Biomass Conversion to Oleo-
Chemicals 
2012 Abandoned 
L02328217  
(NSF-AIR 12-511) 
PFI-AIR: Biocatalysts for novel production platforms for diverse 
carboxylic acid products 
2012 Abandoned 
2 
(NSF i6-Green) 
A start-up focused on novel biocatalysts for the production 
platforms of diverse fatty acid products 
2011 Awarded 
1 
(NSF i6-Green) 
Bio-based Production of Terephthalic Acid 2011 Awarded 
1237247  
(NSF 11-560) 
I-Corps: Novel Bio-Based Chemical Feedstocks for the Polymer 
Industry 
2011 Awarded 
1128548 
(NSF 10-617) 
ERC - Small Business: Commercialization of Furanic-Based 
Biorenewable Chemicals 
2010 Awarded 
 
 
Table: Technology Research Partners in CBiRC 
Translational 
Research Partner 
Firm Project Title 
Funding 
Level 
Funding 
Sources 
Technology Holding, 
LLC 
SECO: Small Business ERC Collaborative Opportunity 
to Develop a Biomass Conversion to Fatty Acids 
Platform 
$121,022 NSF SECO 
(12-543) 
Ceramatec Lignocellulosic biomass to infrastructure-compatible 
renewable diesel, biolubricants, animal feed, biopower. 
$600,000 USDA-ARS 
SusTerea 
Biorenewables, LLC 
Proof of Concept Initiative: Biobased Production of 
Terephthalic Acid 
$100,000 US DOC ( i6 
GREEN) 
Nidus Partners/Focus 
First and Glucan 
Biorenewables, LLC 
Grow Iowa Values Fund: Furanics-based Biorenewable 
Chemicals 
$73,000 IA Board of 
Regents 
(GIVF) 
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Nidus Partners/Focus 
First and Glucan 
Biorenewables, LLC 
Grow Iowa Values Fund: Catalytic Conversion Platform 
for Furan Derivatives 
$100,000 IA Board of 
Regents 
(GIVF) 
SoLysis SoLysis: A start-up focused on novel biocatalysts for 
the production platforms of diverse fatty acid products 
$50,000 US DOC ( i6 
GREEN) 
OmegaChea 
Biorenewables, LLC 
Characterization of biocatalysts for novel production 
platforms for diverse bi-functional precursors of 
polymers and surfactants 
$50,000 US DOC ( i6 
GREEN) 
OmegaChea 
Biorenewables, LLC 
I-Corps: Novel Bio-Based Chemical Feedstocks for the 
Polymer Industry 
$50,000 NSF I-Corps 
(11-560) 
Glucan 
Biorenewables, LLC 
ERC - Small Business: Commercialization of furanic-
based biorenewable chemicals 
$200,000 NSF (10-617)
TOTAL Sum of All Projects $1,344,022 TOTAL
 
4.5. Future Plans 
CBiRC will continue to work closely with and do our best to retain its existing Industry Members 
and Innovation Partners.  We plan to continue our more passive outreach efforts to new member 
companies, striving to add their distinctiveness to our growing membership portfolio.  We 
recognize a need for a strategic effort looking for appropriate and synergistic matches to our 
existing member companies.  Over the last 3 years CBiRC’s industry membership has grown by 
about 10 companies per year.  It is perhaps predictable to suggest that this will likely plateau as 
the center matures, but at present we see a similar trend line looking forwards.  We will also 
strive to identify and foster technological innovations and startup company opportunities through 
our Innovation Partnership program and internal entrepreneurship efforts. 
To that end we have identified a wide range of potential member companies who are actively 
working in the biorenewables sector.  With our growing membership, this now spans the entire 
value chain from biomass production to final product sale.  The general categories of member 
companies includes biomass processors, biofuels companies, biorenewable chemicals 
companies, members of petrochemicals industry from chemical production to secondary product 
suppliers and finally we have begun to connect with end-users who supply finished products.  
In addition we expect to continue to see increasing likelihood of translating our efforts into 
identifying startup opportunities. This will offer greater potential for new connections to 
innovation partners or venture capital companies.  
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RESPONSE TO PRIOR YEAR (2011/12) IAB SWOT: CBiRC has been striving to make 
tangible progress based on issues raised at the prior year IAB SWOT. 
STRENGTHS 
2011/12 Strengths CBiRC Response 
Industrial membership spans 
the entire value chain. 
We are continuously striving to strengthen the industry membership 
across the value chain, recognizing that the end-user group has vast 
potential with so many diversified product streams from 
biorenewable chemicals. 
Only center doing both 
biological and chemical 
catalysis. 
We emphatically agree that this as a major strength of the center. 
 
Outstanding culture/ 
alignment/enthusiasm/one-
ness in CBiRC combined 
with excellent educational 
programs and a distinguished 
group of researchers and 
members. 
CBiRC continues to strive to maintain and improve this aspect of our 
center, recognizing that there are multiple institutions and many 
diverse interests in the center. 
Valuable testbeds emerging 
from multi-disciplinary 
approach, cutting edge and 
unique thrusts with novel 
analytical tools, methods and 
data base. 
We believe this will reach a next level once the technologies come 
together sufficiently to warrant consideration for commercialization.
 
 
WEAKNESSES 
2011/12 Weaknesses CBiRC Response 
Techno economic 
analysis / life cycle 
analysis component needs 
to be strengthened. 
We will explore this in more detail in terms of the specific areas of 
greatest interest to the industry members. 
Representation by larger 
group of agro-processing 
companies and pulp and 
paper milling entity. 
CBiRC recognizes this as an opportunity and has continued to reach-out 
to our connections. We did receive some appropriate introductions from 
the IAB. Unfortunately to-date this recruiting effort has not progressed 
due to a lack of interest from these sectors. 
Need to increase the 
number of precompetitive 
and competitive 
sponsored projects by 
IAB members. 
We have continued to strive to make this happen, through increased 
interactions with the Industry Members (eg. student seminars, CBiRC 
Webinars, Newsletters and in the past year added the IAB Seed Grants 
using the combined industry funds). A range of discussions are active 
with some industry members. 
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OPPORTUNITIES 
2011/12 Opportunities CBiRC Response 
Conduct periodic 
webinars throughout the 
year (faculty or grad 
students). 
This is fully launched. CBiRC is actively supporting this using cutting 
edge technology to deliver webinars across the entire center and 
simultaneously transmit them to industry colleagues. The presentations 
are also recorded and made available for viewing at a later date. 
Encourage/facilitate more 
student internships at 
member companies. 
CBiRC continues to strive to encourage and facilitate student 
internships. The website has been made more directly open for job and 
internship postings. There is increased interaction with students. 
Involve IAB in project 
management process 
aligned with testbeds 
having wide member 
interest (use funds from 
membership to develop 
three small projects). 
CBiRC worked closely with the IAB in terms of identifying project areas 
for the proposed industry-selected projects. As a direct result of this, 
three seed projects are underway in different labs in CBiRC. Results will 
be presented back to the IAB. We expect to continue this indefinitely 
provided there are sufficient industry funds. 
Work with regional 
community colleges to 
further develop their 
existing two year biotech 
college diplomas and 
establish a uniquely 
trained industrial biotech 
workforce. 
We had already begun to identify this need.  We will strive to facilitate 
connections between our industry members and the colleges.  We will 
also explore CBiRC connections with the regional community colleges. 
 
THREATS 
2011/12 Threats CBiRC Response 
Shale gas may represent a 
very cost-effective 
alternative to biomass as 
a source of chemical 
monomers 
(distinguishing the 
opportunities that can be 
achieved more easily 
with biomass but not so 
easily with shale gas 
would be a useful 
exercise). 
In the past few months there has been significant industry-wide 
discussion of this topic. A consensus is emerging that shale gas does not 
affect chemicals that are C4 and greater in chain length. Thus shale gas 
has an impact but only at the shorter chain lengths, where CBiRCs 
approach to biobased fatty acids is not impactful anyway. It is widely 
believed that the availability of shale gas clarifies the scope of 
opportunity available to the biorenewables sector. 
 
Identify paths to long-
term viability and 
sustainability of Center. 
This threat is noted and is a major focus going forwards.  In an effort to 
begin to reposition ourselves we have been working with the Scientific 
Advisory Board (SAB) to identify opportunities. 
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IAB FEEDBACK FROM 2012 ANNUAL WORKING MEETING: In October 2012, the IAB 
met to discuss progress made in the Center based on the 
presentations and discussions at the Annual Meeting. At that 
time there were twenty-five member companies. In a 
previous year we conducted a company interest’s survey. 
The survey revealed that the membership has varying 
interests in CBiRC.  The topics are summarized in the 
graphic where green is more, yellow is less.  The areas of 
general interest can be summarized as CBiRC expertise and 
networking with students, faculty and between companies to 
explore common interests. In another survey it was 
discovered that the companies that are more biological have 
a greater interest in Thrusts 1&2, whilst the companies that 
span the value chain are interested in Thrusts 1,2&3 and the 
companies that more chemical have a greater interest in 
Thrusts3.  All companies were interested in the Testbeds. 
 
 
SWOT ANALYSIS FROM IAB:  The annual SWOT analysis was conducted in February and 
March 2013. The process was managed and led by IAB Chairperson Joe Fox from Ashland 
Chemical and IAB-Co-Chairperson Kevin Schilling (GPC).   Areas of particular interest were 
highlighted by the IAB for each Strength, Weakness, Opportunity and Threat section.  CBiRC 
intends to carefully review all of the comments and work more closely with the IAB in order to 
strive to better meet their needs. The most notable item on the agenda will be working more 
closely with the IAB and making a greater use of the expertise that exists in the member 
companies. 
 
2012 Site Visit Report and CBiRC Response 
SVT COMMENT (Engagement in sponsored research with industry):  While the ERC has done 
very well over the last two years in recruiting and retaining industry partners, industry member 
sponsorship of projects outside of the core is an area that the SVT has identified for improvement 
in last year’s report (2011), and this recommendation continues into this year. A number of 
industrial partners are exploring or have formed sponsored projects under a two-way 
confidentiality agreement and sponsored projects agreement. The Center reported only one 
sponsored research project with industry partners in the current year for $20K.  Engagement in 
sponsored research with industry partners and non-partners is a key avenue to drive translational 
research and technology transfer. 
CBiRC Response:  We agree that this is an important opportunity and are striving to engage 
our industry partners in translational research opportunities and technology transfer. This 
point should also be noted within the context of the global recession and restrained 
economics of an industry that is simultaneously emerging into a complex new biorenewable 
world that until recently has been dominated by stimulus funding of fuels and energy rather 
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than biobased chemicals. We still have many industry members reporting a lack of expansion 
of internal research, let alone funding external sponsored research.  
 
SVT COMMENT (Industry influence on research agenda):  Last year’s SVT indicated a concern 
with the formal process of industry influence on the research agenda beyond individual projects. 
Industry has traditionally been asked for input on individual projects, but CBiRC has not had a 
process to engage industry across the board in project selection and management. The Center 
was challenged to directly address this concern and implement a solution before the 4th year site 
visit. The SVT recognizes that this has been challenging with Dr. Keeling focused on continued 
rapid growth of the IAB, but it is none the less as important if not more so with the larger base of 
industry partners. This continues to be a concern for the site visit team. 
CBiRC Response:  Over the last year we have devised a process for active “seed-funding” of 
industry-identified projects using a portion of the industry membership fees as the funding 
source. The first part of a process to select projects took place in May 2012 and we expect to 
have selected 3 seed-projects by the fall of 2012. Thereafter, this will become mainstream as we 
envision an annual process of reviewing all CBiRC’s research and seed-funding of industry 
selected projects. This gives a year-round strategic voice to our industry members and creates a 
direct interaction with faculty. 
 
SVT COMMENT (Industry members input):  It is clear that the Center’s interactions with 
industry partners continue to evolve. Center-wide meetings are now being web broadcast to 
industry and CBiRC is beginning to look at best practices of engaging industry partners from 
other ERC’s (e.g. C-SOPS project champions).  Engagement with industry partners will start to 
take on increased importance as the Center transitions its attention from almost solely recruiting 
to retaining industry members. With that said, it appears that the IAB members are still not being 
fully engaged although the situation is improving. For instance, the IAB members have not been 
deeply engaged in the Life Cycle Analysis (LCA) sensitivity and cost analyses. This techno-
economic input from industry partners is critically needed in the LCA models, as one example. 
This same example (lack of industry input in the LCA model) was shared in the IAB SWOT. The 
SVT strongly urges the Center to proactively challenge the Industry Members for their input to 
and engagement in the LCA work and establish a robust structure to assure continuing Industry 
Members’ input into this and all of the thrusts and test beds, as appropriate. 
CBiRC Response:  Following the very active discussion that occurred in the spring of 2012, we 
believe this is well on the way to being turned into a strength through the dynamic interactions 
being forged with members. Several IAB members have requested access to our models and 
others are working with us to explore how our models align with similar models in the larger 
companies. 
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5. Infrastructure
5.1. Configuration and Leadership Effort
The vision of CBiRC – to create a generalized framework for biorenewable chemicals that
integrates biocatalysis and chemical catalysis – is the guide for selection of faculty as members
of CBiRC.  The faculty were specifically selected for their complementary expertise needed to
realize the Center’s vision. The technical role of each researcher is therefore established, and the
institutional configuration is predetermined, based upon the technology that needs to be
developed.
5.1.1. Institutional Configuration
Table 6 shows the institutional configuration of CBiRC, and Figures 6a through 6c depict the
location of domestic and foreign partner institutions and country of citizenship of foreign
personnel.  Iowa State University, the lead institution and administrative home for the Center,
was selected as such, in large part, because of its history of institutional support for
biorenewables-related research and development. Thus, ISU has multiple well-funded
interdisciplinary research programs focusing on bio-based materials. This includes hundreds of
faculty members from many academic departments. These programs are founded on the fact that
Iowa is the number one producer of biomass in the nation. The programs create a broad base of
activities that are designed to evaluate the opportunities emerging in the State from an effective
utilization of biomass. This broad-based effort provides the backdrop for the Center.
To successfully accomplish its goals, however, CBiRC exploits partnerships with outstanding
faculty who bring key complementary expertise from not only its core partner institutions (i.e.,
those with connections through the Engineering colleges), but also its collaborating and foreign
partner institutions. The disciplinary composition of the Center’s faculty team is depicted in
Figure 2a. Since these expert biorenewables-related researchers are not located at just one or two
institutions, CBiRC creates a centralized focal point to unite top engineers and scientists for
collaborative research. Collaboration at this level is required to successfully develop the
fundamental knowledge and technology base needed to make biorenewable chemicals a
technological and commercial reality.
The relatively large number of educational institutions involved with the Center represents a
somewhat different model than many existing NSF ERC’s, thus necessitating careful selection of
faculty participants as well as a robust model for facilitating interactions between them.  Three
criteria were used in assembling the faculty participants from all of the Center’s partner
institutions: 1) renowned engineers and scientists with cutting-edge research programs in
CBiRC-related biorenewables areas; 2) evidence of pre-existing collaborative relationships with
other existing and prospective Center faculty members; and 3) commitment to collaborative
research for advancing the goals of the Center.
To the extent practicable, these same criteria were used in recent searches for new faculty at
ISU that led to the successful hires of Dr. Adam Barb, Assistant Professor in Biochemistry,
Biophysics & Molecular Biology, and Drs. Zengyi Shao and Jean Philippe Tessonnier, Assistant
Professors in Chemical & Biological Engineering.  Dr. Barb brings to Thrust 1 expertise in
enzyme and protein biochemistry.  Dr. Shao brings to Thrust 2 expertise in synthetic biology and
Dr. Tessonnier brings to Thrust 3 expertise in carbon-based catalysts and catalyst supports.
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CBiRC faculty served on all three search committees, and all three of the filled positions
represent new salary lines that will be permanently funded by ISU.  The university is committed
to funding and hiring two additional faculty positions over the next several years.
The CBiRC international education program builds from an NSF PIRE grant entitled
“Molecular Engineering for Conversion of Biomass-derived Reactants to Fuels, Chemicals and
Materials,” which further demonstrates the high level of ongoing collaboration among CBiRC
faculty.  This effort, which was initiated by a subset of Thrust 3 investigators (Datye, Davis,
Dumesic, Neurock, and B. Shanks) but has grown to encompass opportunities for investigators
across all thrusts, creates an international partnership with the Fritz Haber Institute of the Max
Planck Society in Berlin, the Technical University of Denmark, the Abo Akademi in Finland,
and the Netherlands through Eindhoven University of Technology as the lead university.  Many
of the PIRE activities are therefore incorporated into the Center’s strategic plan, and these four
institutions have been selected as foreign partners accordingly. [Note: The rationale for
selecting the Center’s pre-college and innovation partners is discussed in more detail in Sections
3 and 4 of this report, respectively.]
The need for faculty participants to work collaboratively is central to the vision of/rationale
for the Center.  While many of our faculty participants had existing collaborative relationships,
CBiRC further enhances these interactions through annual meetings and monthly
webconferences for faculty and students in each thrust area. Testbed teams also meet at intervals
appropriate for their projects. Our model for how faculty members are incorporated into CBiRC
has worked very well for accomplishing the research objectives of the center, but it does make
dissemination of the education programs to the partner institutions more difficult.
The partnerships among the aforementioned institutions and their contributions to the
Center’s strategic plan have been formalized, as each of the Center’s core partner institutions has
signed and executed a Membership Agreement, a Confidentiality Agreement, and a Subcontract
Agreement.  Subcontract Agreements have also been executed with the Center’s collaborating
institutions, i.e., those contributing affiliated faculty; namely, the Salk Institute for Biological
Studies and the University of Michigan.
Institutional Roles
Iowa State University Lead institution and administrative home of CBiRC; faculty
expertise in all research thrust areas; lead, education/outreach
Penn State University Core partner institution; faculty expertise in modeling for
microbial metabolic engineering (Thrust 2)
UC-Irvine Core partner institution; faculty expertise in microbial metabolic
engineering of S. cerevisiae (Thrust 2)
University of New Mexico Core partner institution; faculty expertise in chemical catalyst
design (Thrust 3) and lead, international education
University of Virginia Core partner institution; leadership and faculty expertise in
chemical catalyst design (Thrust 3)
University of Wisconsin Core partner institution; faculty expertise in chemical catalyst
design and TEA\LCA (Thrust 3)
W. M. Rice University Core partner institution; leadership and faculty expertise in
microbial metabolic engineering of E. coli (Thrust 2)
Salk Institute Collaborating institution; faculty expertise in biocatalysts for
pathway engineering (Thrust 1)
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University of Michigan Collaborating institution; faculty expertise in biocatalysts for
pathway engineering (Thrust 1)
Des Moines Public Schools Pre-college partners; contribute RET and summer academy
participants; develop/implement professional learning community
for G6-12 science teachers
Foreign partner institutions Faculty expertise in chemical catalyst design (Thrust 3); participate
in international education program activities; host and provide
exchange students/scholars
5.1.2. Leadership Effort
The positions listed below are considered Key Personnel and are essential to the work of the
Center.  No changes to these positions are contemplated at this time. The Leadership Team
continues to become more cohesive and effective in planning and implementing the research,
education, industrial collaboration, and administrative aspects of the Center.
Center Director Brent Shanks (ISU)
Deputy Director Basil Nikolau (ISU)
Administrative Director Tonia McCarley (ISU)
University Education Program Director D. Raj Raman (ISU)
Pre-College Education Program Director Adah Leshem (ISU)
Innovation Ecosystem Director Peter Keeling (ISU)
Diversity Director Krishna Athreya (ISU)
International Education Program Director Abhaya Datye (New Mexico)
Leader, Thrust 1 Joe Noel (Salk)
Leader, Thrust 2 Jackie Shanks (ISU)
Co-Leader, Thrust 2 Nancy Da Silva (UCI)
Leader, Thrust 3 Bob Davis (Virginia)
Leader, Life Cycle Assessment Rob Anex (Wisconsin)
At CBiRC, the Center Director is responsible for the vision that determines the direction of
the Center and for inspiring and instilling loyalty among the leadership team, staff and affiliated
faculty. The Director also works to build and maintain relationships with university
administrators and the relevant departments.  He is aided in this complex role by the Deputy
Director, who shares some of the leadership and management responsibilities in CBiRC, and in a
manner that complements the leadership style of the Director.
One of the first and most critical tasks for the Director and Deputy Director was developing
the Center’s strategic plan and a broad strategy for achieving its vision. This initial planning was
done by an “executive committee,” consisting of the Center’s directorate, with subsequent input
by all the members of the Leadership Team. The Technical Leadership Team (TLT) consists of
the Director, Deputy Director, Thrust Leaders/Co-Leaders, and the Innovation Director/ILO. As
the Center matures, the strategic plan is reviewed and discussed at least annually by the TLT, the
Industrial Advisory Board (IAB) and the Scientific Advisory Board (SAB). While the natural
tendency of the IAB may be to benefit industry’s short-term interests, the TLT will strive to filter
out such influences and absorb them in the higher aims of the plan.
Evaluation and revision of the strategic plan at the individual thrust level is continuous.
Adjustments are made to specific goals and short-term approaches through frequent meetings of
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the TLT. The TLT is therefore ultimately responsible for coordinating the research program and
projects within CBiRC including determining the budgets for the projects.
The University, Pre-College, and International Education Program Directors are working as a
team to provide oversight of the Center’s education programs, with the Center Director serving
as an ad hoc member.  The University Education Program Director serves as the chair of this
team.  The education program directors are also coordinating efforts to pursue additional
education-related funding for CBiRC.  Finally, working in concert with the TLT, this group is
responsible for integrating the REU, RET and other educational outreach programs into the
Center’s research program.
Finally, the Student Leadership Council (SLC) continues to effectively lead student
programs, including the annual student SWOT analysis, which is designed and executed to
ensure broad participation by CBiRC students across institutions.  The SLC is comprised of
highly engaged students from all core partner institutions and represents all student ranks
(undergraduate, graduate and postdoctoral).  It meets regularly by webconference and organizes
and hosts a monthly student seminar series that includes industry speakers, which benefit the
students and industry members alike. The Council is appreciated and supported by the Center’s
leadership team, as evidenced by its augmented funding of the SLC’s new Student-led Research
Grant program. [See Section 5.3 for additional information.]
5.1.3. Response to Major Weaknesses and Threats from Prior Site Visit Report
SVT Comment: The role of the Scientific Advisory Board (SAB) and its interactions with the
Center have been concerns of the SVT, as documented in last year’s SVT SWOT and SVT report.
The Center has reconstituted the Board, inviting high-level individuals (President/President
Emeritus, Professor) from academia and industry with strong technical backgrounds, but also
experience in leading enterprises. These members are not being asked to sign a confidentiality
agreement that was problematic with the previous SAB. CBiRC is asking the Board for help in
positioning the Center technically and strategically for sustainability. This raises the
question/concern for the SVT of how the SAB can also assure that the scientific advances of the
Center continue to be cutting edge and also provide in-depth scientific guidance to specific
thrusts and research projects, without a confidentiality agreement and not without risking
contamination for the SAB members. This is an ERC-wide Program issue that might be
addressed as a discussion of the ERC Directors and NSF leadership.
We have had discussions with other ERCs and have noted similar issues.  Therefore, we view
our SAB approach as a beta-test to determine if there are effective alternative models for the
SAB.  We believe the high-level board will not just help guide our scientific and strategic
planning efforts but also make key connections for us with potential sources of on-going support.
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5.2. Diversity Effort and Impact
Diversity statistics for CBiRC faculty and students are shown in Table 7a and Figures 7b, 7c, 7d,
7e, and 7f.  These tables and charts summarize diversity statistics at the center level by institution
and for women, underrepresented racial minorities, Hispanics/latinos, and persons with
disabilities.  Data are shown for the leadership team, faculty, postdoctoral students, master’s
students, and undergraduate students.  Two sections are provided; namely, one for U.S. citizens
and permanent residents only, and the other for foreign nationals.
CBiRC Diversity Efforts
In 2012-13, CBiRC diversity efforts continue to focus on influencing systemic, sustainable
change locally, regionally and nationally, to enhance STEM participation of women,
underrepresented minorities (URM) and people with disabilities, at all levels of education.
The overall strategy for diversity, beyond ensuring that all CBiRC education and outreach
activities have a diversity focus, is to be a key player in partnering and leveraging institutional
efforts related to enhancing diversity.   The other major focus is to act in collaboration with
other ERCs to present students with opportunities that span all ERCs, creating a richer menu
of opportunities that appeal to a broader base of potential participants.
CBiRC is uniquely positioned to influence existing and emerging campus diversity efforts
towards optimizing, scaling and institutionalizing because of its stature within the academic
community.  Another factor that helps is that it is not competing for material resources from
diversity focused programs and projects, which are often stretched to the limit.
The local efforts continue towards building, leveraging and optimizing strong campus
partnerships with offices, programs and services dedicated to enhancing diversity recruitment
and retention in STEM, pre-college through graduate study and beyond.  This mode of seeking
and leveraging partnerships can generate meaningful impact on the STEM diversity landscape by
mobilizing institutional support and eventual institutionalization of new efforts. CBiRC has had
diversity as a core value in the design, implementation and assessment of all its education
programming. CBiRC leaders are constantly building and supporting relationships with campus-
based and regional diversity programs with a view towards sustainability, and are looking
forward to greater national ERC wide partnership opportunities.
At the national level, there is growing opportunity for strengthening partnerships with other
ERCs to optimize awareness of the ERC enterprise and the unique, wide-ranging opportunities
that come from the twenty strong network of ERCs that span multiple disciplines as well as all
geographical regions of the nation.
Samples of activities that support the local/regional diversity partnerships include
1. Crafting pre-college programs to reach a diverse audience by collaborating with high
URM school districts such as Des Moines for teacher education efforts such as RETs,
Middle School Science Teacher Academy, Elementary teacher workshops, and GK-
12 partnerships that pair graduate students with middle school teachers to enrich the
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science curriculum. Partnering with the teachers to develop science and engineering
content for their curriculums.
2. Facilitating greater collaboration among REUs across campus to optimize diversity
recruitment; efforts underway to centralize common recruitment and programming
with a view to promoting matriculation into graduate study.  Another goal of the
effort is to create diverse communities across the REUs for enhanced support.
3. Partnering with individual college efforts and with successful pre-college through
undergraduate engagement programs such as Science Bound.
4. Held briefings about CBiRC and all ERCs to graduate college URM recruiters and
college advisors and multicultural liaison officers as well as Student Disability
Services with the goal of educating about the unique student opportunities within the
ERC network.
5. Partnership with the IINSPIRE LSAMP, the McNair program, and AGEP.
6. Participation in the graduate college’s diversity council.
7. Engagement with Student Disability Services.
Sample activities on the national partnership side include
1. Partnership for exhibitor presence at SACNAS and AISES national conferences (led
by Alyssa Burger)
2. Engagement with programs such as the NSF supported Emerging Researchers
National Conference, which has potential for growth.  As a result of the 2013 Spring
participation, Tuskegee and ISU are in the process of connecting at the
faculty/researcher level towards forging a long term collaboration.
3. Dialogue among Education and Outreach directors across ERCs to generate and
optimize greater opportunities to enhance URM participation in STEM via the
compelling (all) ERC platform
The ramping up of effort towards a national ERC partnership to enhance diversity in human
capital development via research engagement in engineering follows from discussions at the
2012 ERC national meeting and is informed by the experiences of the collaborative activities
prior to that event.
With twenty ERCs functioning across the nation, there is an opportunity for a concerted effort to
interest potential and current students in engineering research by articulating the social and
economic values underpinning the intellectual enterprise of ERCs, and highlighting specific
engagement opportunities they provide. Students and educators nationally can be much better
informed about the ERC research agenda, which directly addresses specific major challenges
faced by society. And the high level multi-disciplinary, multi-institution collaborations, coupled
with input from industry partners ensure that the fruits of the research get to the marketplace
efficiently. Importantly, this communication becomes most powerful when done by the entire
ERC network rather by individual ERCs.
Students and educators also need to be made aware of the unique opportunities for students to
contribute to society through their research at ERCs and the guidance and mentoring related to
entrepreneurship that is available to them.  This should speak particularly to the strong context
based values that women and URM students often perceive to be missing in standard STEM
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research and would be consistent with needs identified in the National Academy of Engineering
Changing the Conversation report.
In addition to the bigger picture strategic partnership efforts, CBiRC is continuing its activities
towards a connected and strategic talent development and engagement program within CBiRC.
Some specific examples of activities in support of diversity enhancement within CBiRC and
CBiRC-supported programs include
1. Creating a bridge for continued mentoring from pre-college through undergraduate
research by strategically connecting from Science Bound1 to YES2 to SPEED3
(currently in transition from a college supported to university wide program) to
undergraduate research. All YES students are selected from the Science Bound
program and have been continuing on to SPEED and undergraduate research.
2. Seeking a deeper understanding of the value of multiple enrichment opportunities for
the (URM) students through focus groups conducted by the CBiRC educational
assessment and evaluation team from RISE4.
3. Continuing to offer REU placements at CBiRC partner institutions to increase URM
interest in CBiRC REU program.
4. Continuing outreach leadership from SLC that reaches large numbers of women and
underrepresented students at the pre-college and undergraduate levels:
a. Participation in presentations and tours to pre-college students (and parents
and educators) on campus in partnership with Science Bound, C-BRT5,
Program for Women in Science and Engineering Taking the Road Less
Traveled career exploration conference for middle school and high school
girls (reaching >1,000 annually).
b. Presentation about undergraduate research opportunities as well as graduate
research opportunities to students from NSBE, SHPE, SWE, McNair program.
5. Creating a promotional video featuring URM undergraduate researcher(s) with
support from the IINSPIRE LSAMP program to promote research opportunities
within CBiRC for LSAMP students and other potential undergraduate researchers.
6. Briefing of student advisors on campus about CBiRC opportunities and commitment
to diversity.
Some visible results from the CBiRC facilitated/influenced efforts on campus include the
launching of a Graduate Disability Assistantship Program (GDAP) in addition to the existing
Graduate Minority Assistantship Program (GMAP); the on-line mentor training module created
by the University Education Director, Dr. Raj Raman, for training of summer research mentors is
reaching beyond CBiRC; the emerging EPSCoR summer research program; the IINSPIRE
LSAMP alliance; and the HHMI program that targets URM students from community colleges.
There is an effort to create strategic linkage at the faculty level between Tuskegee and ISU. This
is a result of networking connection developed during the 2013 Emerging Researchers National
Conference, and there is a great deal of interest from Tuskegee faculty leaders to build a long-
term collaboration. CBiRC faculty are among the first ones on ISU campus to be part of the
conversation and there is a tentative plan for a Tuskegee faculty team to be on campus in June
2013.
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The University Education Director and the Pre-College Education Director continue to represent
CBiRC and are active as diversity advocates in multiple spheres of activity.  The University
Education Director and the Diversity Director both serve on the Graduate College Diversity
Council. The University Education Director participated in the Midwest Bisexual Lesbian Gay
Transgender Ally College Conference, recruiting for graduate school as well as REUs. The Pre-
College Education Director is on the EPSCoR leadership team. The CBiRC Diversity Advisor is
the campus leader for the IINSPIRE LSAMP and the Diversity Director is on the (campus)
undergraduate research subcommittee for the LSAMP.
1. Science Bound is Iowa State University's premier pre-college program to increase the number of ethnically diverse Iowa students
who pursue ASTEM (agricultural, scientific, technical, engineering and mathematics) degrees. The program draws students with
potential from middle and high schools in Des Moines, Denison and Marshalltown, Iowa. Students (and parents) commit at the end
of 7th grade year. On successfully completing the high school program, meeting admission requirements, and pursuing a technical
degree, students receive a full tuition scholarship from ISU.
2. Young Engineers and Scientists
3. Summer Program for Enhancing Engineering Development
4. Research Institute for Studies in Education
5. Community-based Recruitment and Transition
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Leadership Team [1] Faculty [2] Graduate [3] Undergraduate [4]
Percentage
Value Figure 7b: Women in the ERC [5][6]]
Total 2011
Total 2012
Total 2013
National Engineering Averages 2011
Leadership Team Faculty Graduate Undergraduate
N/A 13.8% 21.2% 18.7%
32.3% 22.2% 25.7% 34.2%
33.3% 21.2% 23.9% 31.4%
[2] Faculty includes Research - Senior Faculty, Research - Junior Faculty, Research - Visiting Faculty, Curriculum Development and Outreach - Senior Faculty, Curriculum Development and
Outreach - Junior Faculty, and Curriculum Development and Outreach - Visiting Faculty.
[3] Graduate students include Doctoral and Master's students.
[4] Undergraduate students include non-REU and REU students.
[5] Total counts include personnel regardless of citizenship status.
[6] The number of personnel for whom gender was not reported are not excluded from the percentage calculations.
Averages
National Engineering Averages 2011
All ERC's 2012
Percentage for Center for Biorenewable Chemicals at Iowa
State University 2013
[1] The Leadership Team includes Directors, Thrust Leaders, Industrial Liaison Officer, Education Program Leaders, Administrative Directors, and Research Thrust Management and Strategic
Planning.
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Leadership Team [1] Faculty [2] Graduate [3] Undergraduate [4]
Percentage
Value Figure 7c: Underrepresented Racial Minorities in the ERC
Domestic 2011
Foreign 2011
Domestic 2012
Foreign 2012
Domestic 2013
Foreign 2013
National Engineering Averages 2011
Leadership Team Faculty Graduate Undergraduate
N/A 3% 5.4% 6.3%
9.9% 7.7% 9.7% 26.8%
0% 3.7% 8.2% 4.8%
0% 0% 6.3% 0%
[1] The Leadership Team includes Directors, Thrust Leaders, Industrial Liaison Officer, Education Program Leaders, Administrative Directors, and Research Thrust Management and Strategic
Planning.
[2] Faculty includes Research - Senior Faculty, Research - Junior Faculty, Research - Visiting Faculty, Curriculum Development and Outreach - Senior Faculty, Curriculum Development and
Outreach - Junior Faculty, and Curriculum Development and Outreach - Visiting Faculty.
[3] Graduate students include Doctoral and Master's students.
[4] Undergraduate students include non-REU and REU students.
Averages
National Engineering Averages 2011
All ERC's 2012
Domestic Percentage for Center for Biorenewable
Chemicals at Iowa State University 2013
Foreign Percentage for Center for Biorenewable Chemicals
at Iowa State University 2013
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Leadership Team [1] Faculty [2] Graduate [3] Undergraduate [4]
Percentage
Value Figure 7d: Hispanic/Latinos in the ERC
Domestic 2011
Foreign 2011
Domestic 2012
Foreign 2012
Domestic 2013
Foreign 2013
National Engineering Averages 2011
Leadership Team Faculty Graduate Undergraduate
N/A 3.8% 7.5% 10.9%
7.4% 7.5% 10.8% 12.4%
0% 7.4% 13.1% 11.1%
0% 0% 9.4% 12.5%
[1] The Leadership Team includes Directors, Thrust Leaders, Industrial Liaison Officer, Education Program Leaders, Administrative Directors, and Research Thrust Management and Strategic
Planning.
[2] Faculty includes Research - Senior Faculty, Research - Junior Faculty, Research - Visiting Faculty, Curriculum Development and Outreach - Senior Faculty, Curriculum Development and
Outreach - Junior Faculty, and Curriculum Development and Outreach - Visiting Faculty.
[3] Graduate students include Doctoral and Master's students.
[4] Undergraduate students include non-REU and REU students.
Averages
National Engineering Averages 2011
All ERC's 2012
Domestic Percentage for Center for Biorenewable
Chemicals at Iowa State University 2013
Foreign Percentage for Center for Biorenewable Chemicals
at Iowa State University 2013
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Leadership Team [1] Faculty [2] Graduate [3] Undergraduate [4]
Percentage
Value Figure 7e: Persons with Disabilities in the ERC [5][6]
Total 2011
Total 2012
Total 2013
National Engineering Averages 2008
Leadership Team Faculty Graduate Undergraduate
N/A 5.3% 3.3% 10%
3.1% 1.9% 0.6% 2.2%
0% 0% 1.8% 2%
[2] Faculty includes Research - Senior Faculty, Research - Junior Faculty, Research - Visiting Faculty, Curriculum Development and Outreach - Senior Faculty, Curriculum Development and
Outreach - Junior Faculty, and Curriculum Development and Outreach - Visiting Faculty.
[3] Graduate students include Doctoral and Master's students.
[4] Undergraduate students include non-REU and REU students.
[5] Total counts include personnel regardless of citizenship status.
[6] The number of personnel for whom disability was not reported are not excluded from the percentage calculations.
Averages
National Engineering Averages 2008
All ERC's 2012
Percentage for Center for Biorenewable Chemicals at Iowa
State University 2013
[1] The Leadership Team includes Directors, Thrust Leaders, Industrial Liaison Officer, Education Program Leaders, Administrative Directors, and Research Thrust Management and Strategic
Planning.
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Number Percent Number Percent Number Percent
Iowa State University 62 34% 9 8% 3 3%
Pennsylvania State University 0 0% 0 0% 0 0%
University of California - Irvine 3 17% 0 0% 3 27%
University of New Mexico 6 27% 0 0% 7 41%
University of Virginia 4 25% 0 0% 0 0%
University of Wisconsin - Madison 2 20% 1 14% 2 29%
William Marsh Rice University 4 21% 0 0% 2 22%
Salk Institute for Biological Studies 2 20% 0 0% 1 50%
University of California - San Diego 0 0% 0 0% 0 0%
University of Michigan 2 50% 0 0% 0 0%
Johns Hopkins University 0 0% 0 0% 0 0%
Massachusetts Institute of Technology 0 0% 0 0% 0 0%
Michigan Technological University 1 100% 0 0% 0 0%
Montana State University 0 0% 0 0% 0 0%
New Mexico Institute of Mining and Technology 1 100% 0 0% 0 0%
Oberlin College 0 0% 0 0% 0 0%
Skidmore College 0 0% 0 0% 0 0%
University of Kansas 0 0% 0 0% 0 0%
University of Maryland 1 100% 0 0% 0 0%
University of Puerto Rico - Mayaguez 1 100% 0 0% 1 100%
University of South Carolina- Columbia 0 0% 0 0% 0 0%
Ames High School 0 0% 0 0% 0 0%
Ames Middle School 0 0% 0 0% 0 0%
Audubon Elementary 1 100% 0 0% 0 0%
Baxter Community School 0 0% 0 0% 0 0%
Beaver Creek Elementary 0 0% 0 0% 0 0%
Bondurant Farrar Middle School 1 100% 0 0% 0 0%
Brody Middle School 3 75% 0 0% 0 0%
Callanan Middle School 1 100% 0 0% 0 0%
Central Elementary School 0 0% 0 0% 0 0%
Central Ninth Grade Center 1 100% 0 0% 0 0%
Clay Elementary 1 100% 0 0% 0 0%
Colo-Nesco Junior Senior High School 1 100% 0 0% 0 0%
Cornell Elementary 1 50% 0 0% 0 0%
Cowles Elementary 0 0% 0 0% 0 0%
Crestview Elementary 1 100% 0 0% 0 0%
Dallas Center-Grimes High School 0 0% 0 0% 0 0%
Des Moines Christian 1 100% 0 0% 0 0%
Des Moines Public School District 0 0% 0 0% 0 0%
Eason Elementary 1 100% 0 0% 0 0%
East High School 1 50% 0 0% 0 0%
Edwards Elementary 0 0% 0 0% 0 0%
Garton Elementary School 2 100% 0 0% 0 0%
Gilbert Middle School 1 100% 0 0% 0 0%
Grandview Park Baptist 1 100% 0 0% 0 0%
Greenwood Elementary 1 100% 0 0% 0 0%
Harding Middle School 0 0% 0 0% 0 0%
Hayes Middle School 0 0% 0 0% 0 0%
Heartland Area Education Agency 11 0 0% 0 0% 0 0%
Hiatt Middle School 0 0% 0 0% 0 0%
Hoover High School 2 67% 0 0% 0 0%
Horizon Elementary School 1 100% 0 0% 0 0%
Hoyt Middle School 0 0% 0 0% 0 0%
Johnston High School 0 0% 0 0% 0 0%
Karen Acres Elementary 0 0% 0 0% 0 0%
King Elementary School 2 100% 0 0% 1 50%
Lakewood Elementary 2 67% 0 0% 0 0%
Langham Creek High School 1 100% 0 0% 0 0%
Lincoln Elementary 1 100% 0 0% 0 0%
Lincoln High School 0 0% 0 0% 0 0%
Los Lunas High School 1 100% 0 0% 1 100%
McCombs Middle School 1 100% 0 0% 0 0%
McKinley Elementary 0 0% 0 0% 0 0%
Meredith Middle School 0 0% 0 0% 0 0%
MFL MarMac Middle School 1 100% 0 0% 0 0%
Lead Institution
Core Partners
Collaborating Institutions
Non-ERC Institutions Providing REU Students
Precollege Partners
Table 7f:  Center Diversity, by Institution
Institution Women
Underrepresented
Racial Minorities [1] [2] Hispanics [1] [3]
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Number Percent Number Percent Number Percent
Monroe Elementary School 2 100% 0 0% 0 0%
Oak Park Elementary 1 100% 0 0% 0 0%
Oviatt Elementary 1 100% 0 0% 0 0%
Parkview Middle School 1 100% 0 0% 0 0%
PCM Middle School 1 100% 0 0% 0 0%
Perkins Academy of Math and Science 2 100% 0 0% 0 0%
Perry High School 1 100% 0 0% 0 0%
Samuelson Elementary 4 100% 0 0% 0 0%
South East Junior High School 2 100% 0 0% 0 0%
South Union Elementary 0 0% 0 0% 0 0%
Southeast Polk Junior High School 0 0% 0 0% 0 0%
Southeast Warren Intermediate 1 100% 0 0% 0 0%
Springville High School 1 100% 0 0% 0 0%
Stowe Elementary 1 100% 0 0% 0 0%
Studebaker Elementary School 2 67% 0 0% 0 0%
United Community School 2 100% 0 0% 0 0%
Valley High School 0 0% 0 0% 0 0%
Wallace Elementary School 1 100% 0 0% 0 0%
West Elementary School 2 100% 0 0% 0 0%
Western Hills Elementary 1 100% 0 0% 0 0%
Winterset Middle School 1 100% 0 0% 0 0%
Abo Akademi University 0 0% 0 0% 0 0%
Eindhoven University of Technology 0 0% 0 0% 0 0%
Fritz Haber Institute of the Max Planck Society 0 0% 0 0% 0 0%
Technical University of Denmark 0 0% 0 0% 0 0%
Foreign Partners
[1] - This data only includes U.S. Citizens and Legal Permanent Residents.
[2] - Underrepresented Racial Minorities is a sum of all personnel entered in the following categories: American Indian or Alaska Native, Black or African American,
Native Hawaiian or Other Pacific Islander, or More than one race reported, minority.
[3] - Hispanics is a sum of all U.S. Citizens that are indicated to be of hispanic ethnicity.
Table 7f:  Center Diversity, by Institution (cont.)
Institution Women
Underrepresented
Racial Minorities [1] [2] Hispanics [1] [3]
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5.3. Management Effort 
 
5.3.1. Organization and Strategic Management 
 
Though CBiRC is a multi-institutional partnership, administrative/managerial responsibility 
and authority for the Center ultimately rests with Iowa State University as the lead institution.  
For the most part, how the various institutions interact and share in and contribute to Center 
operations and resources is clarified and formalized in the Member Agreement and Confidential 
Disclosure Agreement (see Appendix II), which all core partner institutions and industry members 
have executed; and the individual Subcontract Agreements, which have also been executed 
between Iowa State and all subawardee institutions. 
Within Iowa State University, the Center Director reports to the Dean of the College of 
Engineering, who chairs the Council of Deans from the partner institutions and convenes the 
Internal Academic Policy Board as needed for guidance to the Center.  In addition to the Dean of 
Engineering, the Internal Academic Policy Board consists of the Associate Deans for Research in 
the Colleges of Engineering, Agriculture and Life Sciences, and Liberal Arts and Sciences, as 
well as a representative from the Office of the Vice President for Research and Economic 
Development at ISU. 
As reported in Section 5.1, positions for all key personnel have been filled, and no changes to 
existing leadership positions are envisioned at this time.  Hence, the Center’s organizational 
chart (Figure 5.3.1) has not changed since last year. 
 
 
Fig. 5.3.1.  Organization chart for CBiRC. 
5.3.2. Advisory Bodies and Their Roles
CBiRC Leadership Team and Center Operations
As described in Section 5.1, the Center Director and Deputy Director head the CBiRC
Leadership Team, which is responsible for overseeing the day-to-day operations of the Center as
well as coordinating its overall strategic activities.  To this end, the Leadership Team continues
to meet when needed via the Center’s web-conferencing system to plan, discuss and/or
implement Center policies and procedures; self-assess and/or develop reporting tools to measure
the Center’s performance and progress toward stated goals; and otherwise help implement the
Center’s vision and strategic plan.  The team’s ISU members meet together in person more
frequently to handle routine business matters and address other important administrative aspects
of the Center.  In the current year, this included implementation of the new Project Center, a
secure database and online community which should significantly streamline our data collection
and reporting efforts. [See section 5.3.6 for additional information.]
Technical Leadership Team and Project Review/Assessment
As previously discussed, the Technical Leadership Team is responsible for coordinating the
Center’s overall research program and managing its research project portfolio.  To this end, the
team is ultimately responsible for:  1) developing methods for determining which projects are
needed to achieve the Center’s strategic plan; 2) allocating funds to implement the strategic plan
and monitoring the expenditure of these funds; 3) assessing the quality and impacts of the
projects; 4) identifying and pursuing opportunities for sponsored and/or associated projects that
will help the Center achieve its strategic goals; and 5) forming or modifying the research thrust
teams, as needed.  Working collaboratively with the education program directors, this team is
also responsible for integrating the REU and RET programs into the research program.  The
Technical Leadership Team considers input from the Industrial Advisory Board and Scientific
Advisory Board in making these decisions.  Integration of projects within a specific thrust area
will be the responsibility of the respective Thrust Leader.
Student Leadership Council
CBiRC’s Student Leadership Council (SLC) is comprised of students selected from across
the academic partner institutions.  Each member serves staggered two-year terms, with half of
the Council new each year.  The SLC conducts bi-monthly meetings and formally advises the
CBiRC Leadership Team twice yearly (and informally on an as-needed basis) on effective
strategies for ensuring research collaboration between students and across institutions.  The SLC
also helps to coordinate the involvement of CBiRC undergraduate students, graduate students
and postdoctoral researchers in CBiRC’s research, education, and outreach activities. To this
end, the Council recently created a new Student-led Research Grant program.  Through this
program, first launched in the Fall of 2012, the SLC solicits research proposals from student
teams that involve inter-thrust partnership or collaboration between at least two CBiRC affiliated
institutions or labs.  A maximum of four students and postdocs can collaborate and submit
proposals collectively under the guidance of at least one CBiRC faculty member.  At the end of
the grant period, the teams are required to submit a project report and present results at the
CBiRC annual meeting.  Proposals are evaluated by the Technical Leadership Team on the basis
of the following criteria:  a) collaboration that is promoted by the project; b) innovation; c)
relevance to CBiRC projects; and d) feasibility.
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The SLC is currently co-chaired by Gina Roberts, a doctoral student working in the Woo Lab
at Iowa State University, and Javier Cardenas, a doctoral student working in the Da Silva Lab at
the University of California – Irvine. Membership grew this past year to 12, and members are
selected to ensure that all the partner institutions and the three research thrusts are represented.
Dr. Marna Yandeau-Nelson, an Associate Scientist in the Nikolau Lab at ISU, is serving on the
Council in an ex officio capacity as a non-Leadership Team advisor/mentor for the students.
Charles Stewart, a postdoc at the Salk Institute, is similarly serving on the Council in an ex
officio capacity as a postdoc liaison.
The SLC has drafted the group’s Constitution and Bylaws and continues to organize and
conduct the annual student SWOT analysis of CBiRC and present the results to the Site Visit
Team in May, when students and SLC members meet with that group in private session.
Industrial and Scientific Advisory Boards
As described in the Center’s Member Agreement (see Appendix II), CBiRC has an Industrial
Advisory Board (IAB) comprised of one representative from each Member company. The IAB
meets bi-annually on-site to provide advice to CBiRC consistent with the aims of the NSF ERC
program, including guidance on strategic direction, research activities, education programs and
technology transfer efforts. Dr. Joe Fox of Ashland took over the role of IAB Chair in May
2012, with Dr. Kevin Schilling of Grain Processing Corporation serving as the Co-chair.  Each
year, during the May meeting, the Co-chair takes over the role of Chair, and an industry member
election process identifies the new Co-chair. Meeting logistics and other operating procedures of
the IAB have been determined outside of the Agreement, and these are more fully covered in
Section 4 (Volume I) of this report. Schedule-wise, the on-site meetings are held in conjunction
with the Center’s annual site visit in the Spring, and the other, in conjunction with the Center’s
annual working meeting in the Fall.  At the Spring meeting, the IAB meets privately with the
Site Visit Team to present the results of its annual SWOT analysis and otherwise provide an
industrial perspective on the Center’s strategic direction and an assessment of its performance
toward research and technology transfer goals.
As CBiRC enters its last five years of NSF support, we seek to position the Center for
sustainability after NSF funding concludes. To this end, we reconstituted our Scientific
Advisory Board and tasked its members for help in positioning the Center technically and
strategically for sustainability. We have invited high-level individuals from academia and
industry to participate in this new board who have strong technical backgrounds but also
experience in leading enterprises. We plan to lean heavily on this group as we develop and
refine our sustainability plan.
Dean’s Council
Given the large number of institutions involved in CBiRC and the fact that each partner
institution has either one or two CBiRC-related faculty, the Dean’s Council – which consists of
the Engineering Deans at ISU and the partner institutions as well as the Deans of the two non-
Engineering Colleges at ISU that contribute faculty to the Center – will convene by
teleconference when needed. For example, a teleconference for this group occurred prior to the
third-year renewal site visit for the Center, which led to the partner institutions committing
matching resources to the faculty involved in the Center.
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5.3.3. Management and Integration of Research and Education Programs
Decisions on projects needed to achieve the Center’s strategic plan, determination of the
funding allocation to implement the strategic plan, and assessment of research program quality
and impacts is performed by the Technical Leadership Team (TLT), as discussed above.  The
TLT is in ongoing dialogue during the year to make mid-year corrections as needed and meets
through Adobe Connect immediately after Leadership Team meetings when required.  At the end
of the May site visit, the TLT meets in person to formally assess the status of the individual
research programs and begin the process of establishing the funding allocations for the upcoming
year.  Input from the IAB and SAB is used to help guide these decisions.  Integration of CBiRC’s
research and education programs is coordinated by the TLT in concert with the Pre-College,
University, and International Education Program Directors.
Mentoring Activities for Postdoctoral Research Associates
While standard mentoring activities between CBiRC faculty and the postdoctoral research
associates (postdocs) in their respective laboratories are ongoing, CBiRC intentionally provides
additional mentoring for the postdocs affiliated with the Center.  Postdocs are active participants
in center-wide and thrust-specific meetings.  Therefore, they are exposed to the systems-level
work that is a hallmark of the Center, which is not normally available to postdocs working in
non-ERC laboratories.  During the Fall working meeting, the postdocs all present their work in
the poster session to the industry members and other CBiRC-affiliated researchers.  This
interaction with industrial researchers creates an excellent opportunity for the postdocs to better
understand their work within the context of how it is viewed by industry.  The postdocs also
include their CVs within the CV compilation that is provided to the member companies.
Postdocs also participate in the Center’s RET and REU programs as mentors.  The opportunity to
have a “managerial-type” experience is an important learning experience, as postdocs will
typically have leadership responsibilities when they assume professional positions in academia
or industry.  Postdocs will therefore be provided support to learn how to be effective mentors in
the RET and REU programs. Finally, the CBiRC postdocs are encouraged to participate in the
CBiRC student seminar series to give them additional practice in presenting to an
interdisciplinary audience.
5.3.4. Conflict of Interest Management
Presented in Appendix II is Iowa State University’s Conflict-of-Interest (COI) policy and the
Center’s COI management plan. We plan to use this COI management plan as the basis for
developing the appropriate ERC-level policies and procedures applicable to all of CBiRC’s
participants.  Already, funding decisions in the Center are handled such that no one on the
Leadership Team, which ultimately makes the funding decisions, can make these decisions when
they or their programs are direct recipients of the funding without concurrence from the TLT for
research allocations or the Leadership Team for broader programmatic allocations.
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5.3.5. Center-wide Fiscal Planning and Management
Budgeting and Fiscal Planning
Establishing budgets/funding allocations is an important process that is managed by the
Technical Leadership Team for the CBiRC research activities and the Director with the
Leadership Team for the overall budgets across the Center’s programs. Thrust and program area
leaders first propose line-item budgets for all the projects within their thrust or program areas
based on strategic goals and expected milestones and deliverables.  These preliminary budgets
are then reviewed and refined by the Director and Administrative Director, who assimilate and
transform the line-item budgets into an integrated functional budget for the Center.  The revised
line-item budgets are then returned and discussed among the Technical Leadership Team to
ensure technical connectivity across and among thrusts.  In this fashion, the functional and line-
item budgets/spending plans for the current and proposed Award Years are developed (see
Tables 8 and 8b, Figure 8a, Table 10, and the “Budget Request” section of this report).
It is important to note that multi-university centers like CBiRC face a unique challenge of
reviewing and allocating budgets not only across thrust and program areas, but also across
institutions (see Table 8b). Therefore, the Center uses a process that addresses the concerns of
all internal parties such as thrust leaders, program directors, and PIs, while also reflecting the
input of the IAB and SAB. Further, the Director, Administrative Director, and Technical
Leadership Team will ensure that the fiscal planning process and budget outcomes reflect the
multi-institutional nature of the Center. As champion of the Center’s vision, the Director’s
perspective, in particular, will be instrumental in ensuring that the project review and assessment
process considers not only technical connectivity within and among thrusts, but also supports
ongoing intercampus connectivity.
Sources and Types of Financial Support
Direct Support – Unrestricted Cash
As reflected in Tables 9 and 11, CBiRC has three primary sources of unrestricted cash
support in the current Award Year; namely, the NSF ERC base award, industry (through the
Center’s member program), and U.S. universities (in the form of institutional cost sharing).
Industry funding is estimated each year on the basis of existing members paying only their
annual fees for membership renewal.  In other words, no new/additional memberships are
included in projections of direct support for the subsequent year. Given the current economic
climate, we feel it prudent to be conservative in this way and budget on the basis of what we are
reasonably confident will be available to the Center in the coming year.
For the current Award Year (AY 5), Iowa State University is the only institutional partner to
commit cost sharing – at the annual level of $600,000 cash plus an amount of in-kind that is
based on the value of unrecovered indirect costs on industry member fees (calculated at 46.5% of
Modified Total Direct Costs).  In the renewal process, we revisited cost sharing with the partner
institutions, and a number agreed to provide cost share.  Committed amounts are itemized in the
“Budget Request” section of the report.  The Center’s directors and Technical Leadership Team
will ensure that the cost sharing commitments made for Years 6-8 are achieved, and further, that
these commitments remain balanced against expected and actual outcomes.
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Direct Support – Restricted Cash
Table 9 also shows that the Center has received restricted cash in the current Award Year for
several sponsored projects. One such project is an REU supplement provided through the NSF
EFRI-HyBi program. In the Fall of 2009, Jackie Shanks and Basil Nikolau were awarded funds
through this program for a project entitled “Bioengineering a System for the Direct Production of
Biological Hydrocarbons for Biofuels.” The prime award is actually an associated project, since
it is being administered through the home departments of the faculty.  However, they also
received supplemental funds for an REU program that are administered by CBiRC as a way of
leveraging resources, and hence, funds are available to sponsor an additional two to three REU
students each summer through August, 2013.
Sponsored funding is also supporting four translational research projects in Thrust 3 and is
augmenting the Center’s education programs, allowing teacher professional development and
innovation and entrepreneurship programs to flourish. Translational research projects include an
ERC-Small Business grant that was awarded to the Center in 2011 for a technology transfer
project that seeks to commercialize furanic-based biorenewable chemicals; a grant awarded by
the Iowa Board of Regents through its “Grow Iowa Values Fund” to develop a catalytic
conversion platform for furan derivatives; a grant awarded by the U.S. Department of Commerce
through the “Iowa Proof of Concept Initiative” to demonstrate the biorenewable production of
terephthalic acid; and a proprietary project funded by one of the Center’s industry members.
Another member, the USDA’s National Center for Agricultural Utilization Research (NCAUR),
is sponsoring a non-translational project entitled “Selective Dehydration of Multifunctional
Substrates.” Sponsored education or innovation projects include an NSF GK12 grant awarded to
the Center in 2010 for Symbi, a project that seeks to grow Iowa’s scientists for a “greener
tomorrow;” a Math and Science Partnership (MSP) subcontract with the Des Moines Public
Schools to integrate STEM into G6-12 classrooms through problem-based learning; and funding
to launch the Biobased Foundry from the Iowa Board of Regents through its Regents Innovation
Fund and the College of Engineering at Iowa State.
Indirect Support
During this year’s data collection and annual reporting exercise, a number of associated
projects were identified by the Center’s faculty and Technical Leadership Team for their
contributions to the Center’s research strategic plan.  Associated project funds are administered
outside the Center by the home departments of the faculty investigators.  As reflected in Table 9,
these projects were funded primarily by U.S. industry, state government agencies, and other NSF
and Federal programs (e.g., NIH, USDA, and DOE).
Uses of Funds
The Center’s most recent spending plan is shown in Tables 8 and 10. Functionally and line-
item wise, restricted and unrestricted funds are budgeted in accord with the project and program
area leaders’ needs for personnel and staffing, materials and supplies, travel and other direct
costs.  Several years ago, the Center’s management decided to assign costs to the source that
seemed to make the most sense.  Accordingly, leadership/administrative/management and center-
related travel costs are now almost entirely budgeted on institutional funds (since these are, in
essence, a kickback on indirect or F&A costs that are recovered by the university on the NSF
award), and costs associated with running the Center’s industrial collaboration and innovation
programs are, for the most part, ascribed to industry funding, preserving NSF funding for
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research and participant support costs. In fact, the ERC base award, and any residuals carried
forward on the base award, are used solely to support core research projects (including
subawards to our core partner institutions) and participant support costs associated with the
Center’s REU, RET and Young Engineer programs.  We have found that this allocation of
functional expenses by funding source greatly facilitates the Center’s financial accounting and
reporting.
It should also be noted that the Center allocates funding by faculty investigator or PI rather
than by project.  This affords each PI some flexibility in allocating resources among the projects
on which s/he may be working as needs dictate.  To this end, the faculty often find it necessary to
rebudget among line-items, whether it be to purchase equipment or additional supplies that will
facilitate their research, or to hire additional postdocs or students to carry out the work.  Under
expanded authorities, Iowa State University and a number of our core partner institutions have
already approved several rebudget requests, and we envision that this will continue to occur,
especially as projects are reviewed for satisfactory progress by the Technical Leadership Team,
and as new project ideas emerging from the Center’s testbeds and discovery engine are allocated
funding. At the end of each Award Year, and as these budget and allocation decisions are being
made, the faculty are asked to provide an estimated distribution of their resources among projects
(measured as a percent of their total allocation) so that we can then plan and report budgets at the
project and thrust level.
5.3.6. Data Management and Reporting
The types of primary data, samples, collections, software, curriculum, and other materials that
are produced in the course of the Center’s activities are described in the Data Management Plan
section of Volume II.  The plan articulates how findings, data and other research materials that
have resulted fully or in part from activities supported by the NSF Engineering Directorate to
CBiRC under Award No. EEC-0813570 ― or by extension, through mandatory cost sharing and
membership fees/revenues generated as a result of the Center’s industry program ― will be
implemented. The plan also outlines the rights and obligations of all parties as to their roles and
responsibilities in the management and retention of said data. Nonetheless, because considerable
effort was devoted this past year to implementation of a secure database to facilitate data
collection, management and reporting, a summary of this new system is also provided here.
CBiRC’s New Online Community
Over the past year, we have worked to develop a database that enables us to maintain non-
financial data via a custom-built community web site called the Project Center. Developed in the
Drupal content management system by the web development firm DBeck Creative, the Project
Center allows members of CBiRC’s community to access and maintain their own records of their
involvement in ERC work.
The Project Center is password-protected, and each user must be approved by CBiRC’s site
administrators to gain access. Users are assigned to one or more roles which grant or restrict
access to viewing and editing specific content. The important roles are as follows:
• Confirmed participant: Basic access to the Project Center.
• PI: Additional editorial control over certain content types; access to their graduate students'
information.
• Leadership team: Broader access to center-wide data and metrics.
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• Content admin: Full access to all information on the site.
The Project Center tracks a broad variety of content, which has been configured to cleanly
fulfill the NSF’s ERC reporting requirements, while providing administrators an enhanced and
detailed understanding of ERC activities. The important content types are as follows:
• People profiles: Basic information such as name, contact info, and demographics
(demographics are kept private, and are for NSF reporting only).
• People affiliations: Dates and involvement levels with projects, institutions, supporting
organizations, and ERC management groups. These are maintained by the community, with
the goal of maintaining and providing up-to-date information on where people are working
and what they are working on.
• Projects: Core, associated and sponsored projects are added and maintained by the
community. Individuals may specify their involvement with projects, and PIs may upload
project specifics for inclusion in the annual report.
• Institutions: Includes all academic institutions involved in the ERC, with specific information
on the ERC involvement level, minority programs, and other demographics. These are
editable only by the ERC administration.
• Supporting organizations: Includes information on industry sector, product focus,
involvement level, and other metrics.  These are editable only by the ERC administration, and
many fields are hidden from regular membership.
• Thrusts, clusters and testbeds: For tracking and aggregating ERC work by focus area. These
are editable only by the ERC administration.
• Publications, research presentations, outreach activities, courses, curricular products,
personnel exchanges, donations, and tech transfers: For tracking the various outputs and
impacts of the center.
Most Project Center data is tracked longitudinally as well, with the aim of providing a better
understanding of how the center’s work has made an impact over time, and of generating reports
which will help the center in its pursuit of funding beyond the ERC grant.
Data Dissemination
As outlined above, any approved member of the community may access appropriate ERC data
via the Project Center, and specific users have access to more detailed reports. Data is primarily
available online via web browsers, but certain reports are also downloadable in spreadsheet
format. Project Center data may be downloaded by administrators pre-formatted for easy upload
to the ERCWeb in any of the seven templated formats (thrusts and clusters, projects, personnel,
organizations, institutions, project personnel, and project organizations).
Data Storage and Preservation
The data is maintained in a secure MySQL database provided by CBiRC’s web hosting
service. The database is backed up to a local archive once daily, and to a second remote server
once a week. Additionally, DBeck Creative creates and archives a snapshot of the entire server
once a month during routine maintenance.
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5.3.7. Response to Major Weaknesses and Threats from Prior Site Visit Report
SVT Comment: There has been a limited number of industrial sponsorships so far that raises
concern regarding sustainability of the Center. This is an issue raised by the SVT with the IAB.
The IAB discussed a mechanism that was proposed in the last IAB/Center leadership meeting
where faculty will propose projects within specific areas identified by the IAB, with the ultimate
goal of enticing industrial sponsorship. The outcome of this mechanism needs to be assessed in
future site visits.
The number of CBiRC’s sponsored projects continues to rise, as we work with companies and
our innovation partners to take advantage of opportunities for translational and technology
transfer projects. These projects and their relevance to the Center’s work are discussed in other
parts of this report.
Working actively with the IAB, we have also developed an IAB Seed Fund program. In
particular, we have agreed with our industry members that part of their annual membership fees
will be allocated to industry-selected projects in the following topic areas (identified by the
IAB):
Thrust 1:
(i) Enzymatic control of specific functionality (e.g., double bond location)
(ii) Harvest intermediates of fatty acids (β-keto, β-amino acids)
Thrust 2:
(i) Predictive modeling/bioinformatics analyses in relation to optimized fermentation
(strain plus operating conditions)
(ii) Prediction of stress-induced genetic modification given a stressor
Thrust 3:
(i) Precious metal and other metals on hydrothermally stable supports (affects,
reactivity)
(ii) Impact of amino acids and fermentation broth impurities on metal and acid catalysts
To apply, faculty investigators complete an application form and submit to the Center’s
Innovation Director.  Industry members then select projects for funding (one per thrust) based on
their review and evaluation of the applications. Awards are typically in the $50,000 range (direct
costs) in the first year, with potential for an additional $50,000 in the second year, depending on
the project and progress.  Project progress is monitored by CBiRC industry members, with one-
page summary reports provided quarterly. An annual report consisting of a 2- to 3-page project
summary of the results is also submitted to the Center Director and Innovation Director and is
included in the Center’s Annual Report (see Project Summaries in Volume II).  Finally, awardees
are invited to give a 30-minute presentation to industry members at the Center’s annual meeting,
held in the Fall (late September/early October) of each year.
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5.3.8 Strategic Self-Sufficiency Business Plan
The self-sufficiency plan for CBiRC primarily focuses on three areas; 1) the systems-level
research infrastructure, 2) the innovation ecosystem, and 3) the pre-college STEM education
effort.  These three areas will be discussed separately as we are pursuing different self-
sufficiency plans for each.  Importantly, the research plan will look to maintain the multi-
institution infrastructure currently in place with CBiRC and will maintain the biorenewable
chemicals focus, while the innovation ecosystem and pre-college STEM education efforts will be
broadened beyond biorenewable chemicals and will emanate from Iowa State University (ISU).
Research Infrastructure
As we have begun to establish a sustainability plan for the CBiRC enterprise, we have talked
with several groups; CBiRC researchers, Industrial Advisory Board and Scientific Advisory
Board about the key elements to include when the center graduates from NSF funding.  The key
messages that emerged were; a) the center needs to maintain its national footprint so we can keep
together at least a portion of our strong researcher set, b) the intellectual climate created by
bringing together biocatalysis and chemical catalysis researchers, which remains unique to
CBiRC, needs to be maintained, c) the goal of creating a broad general framework applicable to
numerous chemical products needs to be maintained rather than shifting to a handful of target
chemicals, and d) the member companies are attracted to the innovative research coming from
CBiRC that would be difficult to maintain if funding only came from companies, e.g., exclusive
funding from companies would force shorter term deliverables that would ultimately minimize
the value of the center. To achieve these attributes for the graduated center, we feel that we must
aggressively pursue base federal funding as state funds and/or industrial funds only will not
allow us to meet these preferred attributes.
We plan to pursue two technical avenues relative to federal funding.  First, we have initiated
discussions with the USDA and DOE about the approach CBiRC is taking to biobased chemicals
focused on developing a general technology platform that can yield a range of chemical
products.  The USDA has significant interest in biobased chemicals and having NCAUR as a
member of CBiRC has allowed us to better understand where the USDA is at in their research
portfolio relative to biobased chemicals. We are working with NCAUR to influence how the
USDA should be pursuing biobased chemicals.  To this end, NCAUR is a strategically important
partner and their sponsored project in CBiRC is a key starting point in strengthening this
partnership.  The DOE is interested in biobased chemicals as a required synergistic area to their
biofuels efforts.  As we have talked with DOE, their struggle with the biobased chemical area is
that most researchers are developing only one or two target chemicals at a time.  Therefore, the
CBiRC strategy has resonated with their organization. On the basis of these initial discussions,
the CBiRC Director was invited to present a Webinar to all of the DOE EERE biomass program
managers in June 2012.  Our plan going forward is to continue discussions with the USDA and
DOE with the goal of having them release a Request for Proposals in the biobased chemicals
area centered around developing generalized technology platforms.  We feel that our center
would be very competitive in any such competition.
The second technical avenue that we are pursuing is leveraging the unique interaction we have
established between biocatalysis and chemical catalysis researchers.  In CBiRC, this interaction
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involves a “handoff” from one to the next.  Another aspect of the interaction, which is not
currently within the scope of CBiRC, is the cross-fertilization of catalytic concepts between
enzymes and synthetic catalysts, e.g., can research in the Thrust 1 and 3 areas inform each other.
We feel there are important synergy opportunities between these two types of catalysts such as
active site and reaction sphere chemistry, reaction mechanisms, and “substrate channeling” that
are not to our knowledge being examined in any other center. As an example of this activity, the
Deputy Director has led an effort to pursue an NSF Center for Chemical Innovation in the area of
substrate channeling.  The concept was invited for a full proposal, which was recently submitted.
For either of the technical avenues, we anticipate that we would keep together a portion of the
CBiRC research team, but would likely connect with new researchers as well.  The sustainability
goal would be to establish at least one of the two technical directions at the level of at least $2M
per year dedicated to the research objectives, which would be further leveraged with institutional
support.
Innovation Ecosystem
Through our technology-led Entrepreneurship course and BioBased Foundry as well as our
industrial membership program and innovation partner network, CBiRC has established the
foundation of a rich innovation ecosystem.  For this innovation ecosystem to reach full fruition,
we need to be open to technological advancements across the biorenewables value chain, which
is broader than just CBiRC. Therefore, our sustainability plan for the CBiRC-initiated innovation
ecosystem is to broadly draw technology and students from ISU into the course and Foundry
across the biorenewables value chain, e.g., plant science, production and harvesting technology,
advanced manufacturing, and novel utilization.  Ultimately, we plan to become even a broader
hub in the space in which technology not developed at ISU would still connect in through our
innovation ecosystem.
We have already begun the process of expanding our innovation ecosystem activities beyond
CBiRC. ISU is views CBiRC as the model to emulate in technology transfer and innovation and
the university has agreed to support our efforts in broadening to the entire biorenewables value
chain.  ISU has provided funding for teaching the technology-led Entrepreneurship course as
well as funding for the BioBased Foundry.  The plan is to continue this funding in the future. We
are aggressively marketing both across ISU and the course is now required as part of the
Biorenewable Resources and Technology interdepartmental graduate program.
The next step in developing the sustainable innovation ecosystem is to engage the State of Iowa
in developing a shared vision for technology transfer and innovation in the biorenewables area.
We have started those discussions and are in the fortunate position that the state sees this
technology area as key to its future.  It is also important to note that we plan to maintain the
strong connection between the biorenewables innovation ecosystem and the sustained research
program discussed in the previous section.
Two specific activities are being targeted for the upcoming year.  We have begun discussions on
creating a team to pursue a National Network for Manufacturing Innovation (NNMI) focused on
bio-manufacturing.  Additionally, we are planning to develop a partnership to pursue the
establishment of an NSF Innovation Corps Regional Node.
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Pre-College STEM Education
CBiRC has established a thriving model for pre-college STEM education in which the center has
worked with the Des Moines school district in establishing a “co-owned” program.  This model
is distinctly different from many university-initiated STEM education programs in which the
university creates programs that are provided to pre-college educators. We have already begun to
leverage this approach more broadly across ISU and are in the position that many of our efforts
are either co-funded or have spun out to other funding sources, e.g., the SPEED program.  In
another example, CBiRC established the Middle School Science Teacher Summer Academy that
is now primarily funded through an NSF EPSCoR grant. Our goal is to influence how ISU
supports pre-college STEM education and to ultimately shift our CBiRC-based effort to a
university-based effort while maintaining a strong biorenewables content contribution.
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Research Support - Life Cycle Assessment
(LCA) $230,979 $0 $230,979 $12,000 $242,979
Research Thrust 1 - New Biocatalysts for
Pathway Engineering $1,052,287 $0 $1,052,287 $1,468,124 $2,520,411
Research Thrust 2 - Microbial Metabolic
Engineering $1,260,955 $0 $1,260,955 $1,440,641 $2,701,596
Research Thrust 3 - Chemical Catalyst Design $1,200,545 $451,978 $1,652,523 $1,086,460 $2,738,983
Research Total $3,744,766 $451,978 $4,196,744 $4,007,225 $8,203,969
General Shared Equipment $0 $0 $0 $0 $0
New Facilities/New Construction $0 $0 $0 $0 $0
Leadership/Administration/Management $365,662 $0 $365,662 $0 $365,662
Education Program Total $503,503 $1,134,812 $1,638,315 $616,772 $2,255,087
Industrial Collaboration/Innovation Program $200,446 $149,989 $350,435 $0 $350,435
Center Related Travel $0 $0 $0 $0 $0
Residual Funds Remaining $1,058,323 $0 $1,058,323 N/A $1,058,323
Indirect Cost $1,554,484 $70,523 $1,625,007 N/A $1,625,007
Total $7,427,184 $1,807,302 $9,234,486 $4,623,997 $13,858,483
Function
Direct Support
Direct Support
Total
Associated
Projects Total BudgetUnrestricted Cash(Core Projects)
Restricted Cash
(Sponsored
Projects)
Table 8: Current Award Year Functional Budget
45.4%
4.0%
17.7%
3.8%
11.5%
17.6%
Figure 8a: Functional Budget as a Percentage of Direct Support
Research Total - 45.4%
General Shared Equipment - 0.0%
New Facilities/New Construction - 0.0%
Leadership/Administration/Management - 4.0%
Education Program Total - 17.7%
Industrial Collaboration/Innovation Program - 3.8%
Center Related Travel - 0.0%
Residual Funds Remaining - 11.5%
Indirect Cost - 17.6%
86.7%
13.3%
Figure 8b: Functional Budget as a Percentage of Associated Project Support
Research Total - 86.7%
General Shared Equipment - 0.0%
New Facilities/New Construction - 0.0%
Leadership/Administration/Management - 0.0%
Education Program Total - 13.3%
Industrial Collaboration/Innovation Program - 0.0%
Center Related Travel - 0.0%
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Institution Direct Cash1
Associated
Projects2
Total Cash and
Associated
Projects
Percent of
Total Direct
Cash
Percent of
Total
Associated
Projects
Lead Institution:
   Iowa State University (Lead Institution)  $      6,547,542  $      2,271,137  $      8,818,679 70.9% 49.1%
Core Partner Institutions:
   Pennsylvania State University  $           95,044  $         150,000  $         245,044 1.0% 3.2%
   University of California - Irvine  $         602,468  $         148,630  $         751,098 6.5% 3.2%
   University of New Mexico2  $         184,323  $         712,910  $         897,233 2.0% 15.4%
   University of Virginia  $         419,146  $         146,000  $         565,146 4.5% 3.2%
   University of Wisconsin - Madison  $         477,209  $           12,000  $         489,209 5.2% 0.3%
   W. M. Rice University  $         365,680  $         538,320  $         904,000 4.0% 11.6%
Collaborating Institutions:
   Salk Institute for Biological Studies  $         341,197  $         645,000  $         986,197 3.7% 13.9%
   University of Michigan  $         201,877  $                   -  $         201,877 2.2% 0.0%
Grand Total  $      9,234,486  $      4,623,997  $    13,858,483 100.0% 100.0%
Footnotes:
1.  Total from all sources, including Federal (other NSF programs or agencies), industry, State, university, etc., and residuals from the prior Award Year.
Institutional Distribution of Current Award Year Budget
2.  This amount includes the NSF PIRE award (A. Datye, PI/PD).  While the University of New Mexico is the prime recipient, Iowa State University,
University of Virginia, and University of Wisconsin-Madison are all subcontractors.  Hence, these funds are actually allocated among the four schools,
but for purposes of this report, are attributed to UNM as PIRE lead institution.
Table 8b.  Allocation of Current Award Year (AY5) Budget by Institution.
Unrestricted Cash
OR Core Projects
Restricted Cash
OR Sponsored
Projects
Precollege Education Activities $72,000 $258,311 $330,311 $238,692 $569,003
University Education $55,184 $4,605 $59,789 $294,045 $353,834
Student Leadership Council $14,939 $0 $14,939 $0 $14,939
Young Scholars $42,123 $0 $42,123 $0 $42,123
REU $151,814 $26,304 $178,118 $0 $178,118
RET $107,443 $845,592 $953,035 $84,035 $1,037,070
Assessment $60,000 $0 $60,000 $0 $60,000
Community College activities $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0
Education Program Total $503,503 $1,134,812 $1,638,315 $616,772 $2,255,087
Table 8c: Current Award Year Education Functional Budget
Education Programs
Direct Support
Direct Support
Total
Associated
Projects Total Budget
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Received Promised Total
NSF ERC Base Award $3,250,000 $5,500,000 $1,750,000 $4,000,000 $4,000,000 $0 $4,000,000 $18,500,000
Other NSF (Not ERC
Program) $0 $0 $0 $0 $0 $0 $0 $0
TOTAL NSF FUNDING $3,250,000 $5,500,000 $1,750,000 $4,000,000 $4,000,000 $0 $4,000,000 $18,500,000
Other U.S. Government (Not
NSF) $0 $0 $0 $0 $0 $0 $0 $0
State Government $0 $0 $0 $0 $0 $0 $0 $0
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $3,250,000 $5,500,000 $1,750,000 $4,000,000 $4,000,000 $0 $4,000,000 $18,500,000
U.S. Industry $205,000 $120,500 $227,000 $239,500 $133,450 $109,998 $243,448 $1,035,448
Foreign Industry $0 $50,000 $100,000 $250,000 $288,333 $50,000 $338,333 $738,333
Industrial Association $0 $0 $500 $500 $0 $500 $500 $1,500
TOTAL INDUSTRY FUNDING $205,000 $170,500 $327,500 $490,000 $421,783 $160,498 $582,281 $1,775,281
U.S. University $600,000 $600,000 $600,000 $600,000 $600,000 $0 $600,000 $3,000,000
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $600,000 $600,000 $600,000 $600,000 $600,000 $0 $600,000 $3,000,000
Private Foundation $0 $0 $5,000 $0 $0 $0 $0 $5,000
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $0 $0 $0 $0 $0 $0
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $5,000 $0 $0 $0 $0 $5,000
Total Unrestricted Cash $4,055,000 $6,270,500 $2,682,500 $5,090,000 $5,021,783 $160,498 $5,182,281 $23,280,281
NSF ERC Program Special
Purpose Awards and
Supplements $0 $55,716 $200,000 $0 $0 $0 $0 $255,716
Other NSF (Not ERC
Program) $0 $464,229 $598,600 $597,900 $8,500 $575,800 $584,300 $2,245,029
TOTAL NSF FUNDING $0 $519,945 $798,600 $597,900 $8,500 $575,800 $584,300 $2,500,745
Other
Restricted Cash
NSF Funding
Unrestricted Cash
Government
NSF Funding
Industry
University
Table 9: Sources of Support
Sources of Support
Sep 1, 2008 -
Aug 31, 2009
Sep 1, 2009 -
Aug 31, 2010
Sep 1, 2010 -
Aug 31, 2011
Sep 1, 2011 -
Aug 31, 2012
Sep 1, 2012 - Aug 31, 2013 Cumulative
Total [1]
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Other U.S. Government (Not
NSF) $0 $0 $0 $150,000 $0 $0 $0 $150,000
State Government $16,000 $0 $0 $50,000 $0 $0 $0 $66,000
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $16,000 $0 $0 $200,000 $0 $0 $0 $216,000
U.S. Industry $0 $0 $0 $0 $0 $0 $0 $0
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. University $0 $0 $49,348 $100,000 $0 $0 $0 $149,348
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $0 $0 $49,348 $100,000 $0 $0 $0 $149,348
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $0 $0 $0 $0 $0 $0
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Total Restricted Cash - Non
Translational $16,000 $0 $49,348 $300,000 $0 $0 $0 $365,348
Other U.S. Government (Not
NSF) $0 $0 $0 $50,000 $50,000 $0 $50,000 $100,000
State Government $0 $0 $73,000 $100,000 $0 $0 $0 $173,000
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $0 $0 $73,000 $150,000 $50,000 $0 $50,000 $273,000
U.S. Industry $0 $0 $20,000 $20,000 $20,000 $0 $20,000 $60,000
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $0 $0 $20,000 $20,000 $20,000 $0 $20,000 $60,000
U.S. University $0 $0 $0 $0 $0 $0 $0 $0
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $0 $0 $0 $0 $0 $0
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Total Restricted Cash -
Translational $0 $0 $93,000 $170,000 $70,000 $0 $70,000 $333,000
Total Restricted Cash $16,000 $519,945 $940,948 $1,067,900 $78,500 $575,800 $654,300 $3,199,093
Other
Restricted Cash - Translational
Government
Industry
University
Restricted Cash - Non Translational
Government
Industry
University
Other
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NSF ERC Base Award $0 $711,014 $2,930,469 $1,344,404 $1,567,683 N/A $1,567,683 N/A
Other NSF (Not ERC
Program) $0 $0 $341,754 $503,930 $563,798 N/A $563,798 N/A
TOTAL NSF Residual Funds
from Prior Years $0 $711,014 $3,272,223 $1,848,334 $2,131,481 N/A $2,131,481 N/A
Other U.S. Government (Not
NSF) $0 $0 $0 $0 $177,142 N/A $177,142 N/A
State Government $0 $0 $0 $72,620 $150,000 N/A $150,000 N/A
Local Government $0 $0 $0 $0 $0 N/A $0 N/A
Foreign Government $0 $0 $0 $0 $0 N/A $0 N/A
Quasi-government research
organization $0 $0 $0 $0 $0 N/A $0 N/A
TOTAL GOVT Residual Funds
from Prior Years $0 $711,014 $3,272,223 $1,920,954 $2,458,623 N/A $2,458,623 N/A
U.S. Industry $0 $185,203 $241,210 $467,337 $813,656 N/A $813,656 N/A
Foreign Industry $0 $0 $0 $0 $0 N/A $0 N/A
Industrial Association $0 $0 $0 $0 $0 N/A $0 N/A
TOTAL INDUSTRY Residual
Funds from Prior Years $0 $185,203 $241,210 $467,337 $813,656 N/A $813,656 N/A
U.S. University $0 $62,571 $0 $47,335 $121,021 N/A $121,021 N/A
Foreign University $0 $0 $0 $0 $0 N/A $0 N/A
TOTAL UNIVERSITY Residual
Funds from Prior Years $0 $62,571 $0 $47,335 $121,021 N/A $121,021 N/A
Private Foundation $0 $0 $0 $0 $0 N/A $0 N/A
Medical Facility $0 $0 $0 $0 $0 N/A $0 N/A
Non Profit $0 $0 $0 $0 $0 N/A $0 N/A
Venture Capitalist $0 $0 $0 $0 $0 N/A $0 N/A
Other $0 $0 $0 $4,734 $4,605 N/A $4,605 N/A
TOTAL OTHER Residual Funds
from Prior Years $0 $0 $0 $4,734 $4,605 N/A $4,605 N/A
Total Residual Funds carried
over from prior years [2] $0 $958,788 $3,513,433 $2,440,360 $3,397,905 N/A $3,397,905 N/A
NSF Funding
Industry
University
Other
Residual Funds carried over from prior years [2]
Government
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NSF ERC Program $0 $0 $0 $0 $121,022 $0 $121,022 $121,022
Other NSF (Not ERC
Program) $460,794 $2,880,459 $3,506,580 $2,708,900 $2,155,805 $0 $2,155,805 $11,712,538
TOTAL NSF FUNDING $460,794 $2,880,459 $3,506,580 $2,708,900 $2,276,827 $0 $2,276,827 $11,833,560
Other U.S. Government (Not
NSF) $515,583 $3,444,651 $3,115,954 $1,788,278 $1,566,170 $0 $1,566,170 $10,430,636
State Government $0 $168,752 $127,267 $0 $0 $0 $0 $296,019
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $35,000 $36,000 $36,000 $0 $36,000 $107,000
TOTAL GOVERNMENT FUNDING $515,583 $3,613,403 $3,278,221 $1,824,278 $1,602,170 $0 $1,602,170 $10,833,655
U.S. Industry $144,896 $182,319 $297,310 $145,180 $0 $0 $0 $769,705
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $144,896 $182,319 $297,310 $145,180 $0 $0 $0 $769,705
U.S. University $0 $0 $0 $225,000 $0 $0 $0 $225,000
Foreign University $0 $36,000 $0 $0 $0 $0 $0 $36,000
TOTAL UNIVERSITY FUNDING $0 $36,000 $0 $225,000 $0 $0 $0 $261,000
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $930,886 $610,000 $645,000 $0 $645,000 $2,185,886
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $120,000 $60,500 $930,886 $63,877 $0 $0 $0 $1,175,263
TOTAL OTHER FUNDING $120,000 $60,500 $1,861,772 $673,877 $645,000 $0 $645,000 $3,361,149
Total Associated Projects - Non
Translational $780,479 $3,892,222 $5,437,303 $2,868,335 $2,247,170 $0 $2,247,170 $15,225,509
Other U.S. Government (Not
NSF) $0 $0 $0 $0 $100,000 $0 $100,000 $100,000
State Government $0 $0 $0 $0 $0 $0 $0 $0
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $0 $0 $0 $0 $100,000 $0 $100,000 $100,000
U.S. Industry $0 $0 $0 $0 $0 $0 $0 $0
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. University $0 $0 $0 $0 $0 $0 $0 $0
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $0 $0 $0 $0 $0 $0
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Total Associated Projects -
Translational $0 $0 $0 $0 $100,000 $0 $100,000 $100,000
Total Associated Projects $1,241,273 $6,772,681 $8,943,883 $5,577,235 $4,623,997 $0 $4,623,997 $27,159,069
Government
Industry
University
Other
Industry
University
Other
Associated Projects - Translational [3]
Associated Projects [3]
NSF Funding
Associated Projects - Non Translational [3]
Government
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NSF ERC Base Award $0 $0 $0 $0 $0 $0 $0 $0
Other NSF (Not ERC
Program) $0 $0 $0 $0 $0 $0 $0 $0
TOTAL NSF FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Other U.S. Government (Not
NSF) $0 $0 $0 $0 $0 $0 $0 $0
State Government $0 $0 $0 $0 $0 $0 $0 $0
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. Industry $0 $0 $0 $0 $0 $0 $0 $0
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. University $0 $0 $0 $0 $0 $0 $0 $0
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $0 $0 $0 $0 $0 $0
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Total Value of New
Construction $0 $0 $0 $0 $0 $0 $0 $0
NSF ERC Base Award $0 $0 $0 $0 $0 $0 $0 $0
Other NSF (Not ERC
Program) $0 $0 $0 $0 $0 $0 $0 $0
TOTAL NSF FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Other U.S. Government (Not
NSF) $0 $0 $0 $0 $0 $0 $0 $0
State Government $0 $0 $0 $0 $0 $0 $0 $0
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. Industry $0 $0 $0 $0 $0 $0 $0 $0
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. University $0 $0 $0 $0 $0 $0 $0 $0
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $0 $0 $0 $0 $0 $0
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Total Value of Equipment $0 $0 $0 $0 $0 $0 $0 $0
NSF Funding
Industry
University
Other
University
Other
Value of Equipment
Government
Value of New Construction
Government
NSF Funding
Industry
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NSF ERC Base Award $0 $0 $0 $0 $0 $0 $0 $0
Other NSF (Not ERC
Program) $0 $0 $0 $0 $0 $0 $0 $0
TOTAL NSF FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Other U.S. Government (Not
NSF) $0 $0 $0 $0 $0 $0 $0 $0
State Government $0 $0 $0 $0 $0 $0 $0 $0
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. Industry $0 $0 $0 $0 $0 $0 $0 $0
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. University $0 $0 $0 $0 $0 $0 $0 $0
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $0 $0 $0 $0 $0 $0
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Total Value of New Facilities in
Existing Buildings $0 $0 $0 $0 $0 $0 $0 $0
NSF ERC Base Award $0 $0 $0 $0 $0 $0 $0 $0
Other NSF (Not ERC
Program) $0 $0 $0 $0 $0 $0 $0 $0
TOTAL NSF FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Other U.S. Government (Not
NSF) $0 $0 $0 $0 $0 $0 $0 $0
State Government $0 $0 $0 $0 $0 $0 $0 $0
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. Industry $0 $0 $0 $0 $0 $0 $0 $0
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. University $0 $0 $0 $0 $0 $0 $0 $0
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $0 $0 $0 $0 $0 $0
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Total Value of Visting
Personnel $0 $0 $0 $0 $0 $0 $0 $0
Industry
University
Other
Other
Value of Visting Personnel
Government
NSF Funding
Value of New Facilities in Existing Buildings
Government
NSF Funding
Industry
University
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NSF ERC Base Award $0 $0 $0 $0 $0 $0 $0 $0
Other NSF (Not ERC
Program) $0 $0 $0 $0 $0 $0 $0 $0
TOTAL NSF FUNDING $0 $0 $0 $0 $0 $0 $0 $0
Other U.S. Government (Not
NSF) $0 $0 $25,000 $0 $0 $0 $0 $25,000
State Government $0 $0 $0 $0 $0 $0 $0 $0
Local Government $0 $0 $0 $0 $0 $0 $0 $0
Foreign Government $0 $0 $0 $0 $0 $0 $0 $0
Quasi-government research
organization $0 $0 $0 $0 $0 $0 $0 $0
TOTAL GOVERNMENT FUNDING $0 $0 $25,000 $0 $0 $0 $0 $25,000
U.S. Industry $0 $0 $0 $0 $0 $0 $0 $0
Foreign Industry $0 $0 $0 $0 $0 $0 $0 $0
Industrial Association $0 $0 $0 $0 $0 $0 $0 $0
TOTAL INDUSTRY FUNDING $0 $0 $0 $0 $0 $0 $0 $0
U.S. University $0 $53,239 $45,141 $64,534 $19,746 $0 $19,746 $182,660
Foreign University $0 $0 $0 $0 $0 $0 $0 $0
TOTAL UNIVERSITY FUNDING $0 $53,239 $45,141 $64,534 $19,746 $0 $19,746 $182,660
Private Foundation $0 $0 $0 $0 $0 $0 $0 $0
Medical Facility $0 $0 $0 $0 $0 $0 $0 $0
Non Profit $0 $0 $7,288 $0 $0 $0 $0 $7,288
Venture Capitalist $0 $0 $0 $0 $0 $0 $0 $0
Other $0 $0 $0 $0 $0 $0 $0 $0
TOTAL OTHER FUNDING $0 $0 $7,288 $0 $0 $0 $0 $7,288
Total Value of Other Assets $0 $53,239 $77,429 $64,534 $19,746 $0 $19,746 $214,948
Total In-Kind Support, All
Sources $0 $53,239 $77,429 $64,534 $19,746 $0 $19,746 $214,948
Total Cash Support, All
Sources [2] $4,071,000 $7,749,233 $7,136,881 $8,598,260 $8,498,188 $736,298 $9,234,486 $26,479,374
Percent Non-ERC Program
Cash 20% 19% 32% 38% 34% 100% 40% 29%
Total Cash + In-Kind $4,071,000 $7,802,472 $7,214,310 $8,662,794 $8,517,934 $736,298 $9,254,232 $26,694,322
Grand Total (Cash + In-Kind +
Associated Projects) $5,312,273 $14,575,153 $16,158,193 $14,240,029 $13,141,931 $736,298 $13,878,229 $53,853,391
Explanation of Residual Funds entry in Direct Sources of Support - Cash
a. Of the "NSF ERC Program" residual brought forward from Award Year (AY) 3, $200K was funding for the sponsored project "ERC-Small Business:
Commercialization of Furanics-based Biorenewable Chemicals," which was awarded very late in the year, leaving little time to commence the work and draw
down funds. The remainder was residual on the ERC base award, and of this amount, $503,590 was encumbered/obligated for outstanding amounts on
purchase orders/subcontract agreements to the center's core and collaborating institutions. Typically, subaward invoices lag at least a month behind. These
prior-year obligations are due and must nonetheless be paid in the subsequent year.
b. Residuals listed under "Other NSF" are unspent balances on the EFRI REU and GK12/Symbi projects, both of which are sponsored projects. These
residuals were expended in AY 4 on approved budget line-items.
c. Of residuals on industry memberships, only $143,670 was actually expended. The remainder was preserved to cover expenses budgeted in AY 5 and
beyond. This includes partial salary support for the Innovation Director and Translational Research Manager. Moreover, residuals on industry memberships
afford the center some cushion or protection from fluctuations in memberships and/or delayed accounts receivables and allow for some forward-funding of
planned activities, e.g., the IAB seed grant program.
d. Residuals without specified use and/or from other sources were allocated to the same awards or projects in which balances remained at year-end and were
used for continuing support.
[1] - No Residual amounts are included in the Cumulative Total column because the funds are by definition included in the year in which they were received.
[2] - Cash Total = The sum of Unrestricted Cash, Restricted Cash, and Residual Funds for a particular NSF Award Year, but NOT Support for Associated
Projects. This cash amount in Table 9 is also the total for the 'Expenditure' column pertaining to the same Award Year in Table 10: Annual Expenditures and
Budgets.
[3] - Associated project support is the sum of the received and promised amounts from the prior year. Actual amounts are not collected for associated project
Government
NSF Funding
Industry
University
Other
Value of Other Assets
CBiRC Fifth Annual Report
Volume I 223 April 10, 2013
Award No. Award Type Award Title
Award
Duration Award Amount Status
Final Report
Approved?
EEC-0813570 Cooperative
Agreement,
Amendment 000
(Original Award)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC)
 1 year 3,250,000$ Completed 1st Annual Report
Approved
EEC-0813570 Amendment 003
(Year 2 Increment)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC)
 1 year 3,500,000$ Completed 2nd Annual
Report Approved
EEC-0813570 Amendment 004
(Year 3 Increment,
Forward Funded)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC)
 1 year 2,000,000$ Completed 3rd Annual
Report/ Renewal
Proposal
Approved
EEC-0813570 Amendment 005
(Supplement)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC):  DSM
Science Teachers Professional Learning
Community (PLC) in collaboration with
the National Commission on Teaching
and America's Future (NCTAF)
 1 year + 1 year
no-cost
extension
55,716$ Completed 4th Annual Report
Approved
EEC-0813570 Amendment 007
(Year 3 Increment)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC)
 1 year 1,750,000$ Completed 3rd Annual
Report/ Renewal
Proposal
Approved
EEC-0813570 Amendment 010
(Year 4 Increment)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC)
 1 year 3,600,000$ Completed 4th Annual Report
Approved
EEC-0813570 Amendment 011
(Year 4 Increment)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC)
 1 year 400,000$ Completed 4th Annual Report
Approved
EEC-0813570 Amendment 012
(Year 5 Increment)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC)
 1 year 3,999,000$ In progress N/A
EEC-0813570 Amendment 013
(Year 5 Increment)
NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC)
 1 year 1,000$ In progress N/A
18,555,716$
EEC-1128548 Grant
(Translational
Research)
ERC - Small Business:
Commercialization of Furanic-based
Biorenewable Chemicals
 2 years 200,000$ In progress N/A
200,000$
18,755,716$
EFRI-0938157 Grant (REU
Supplement)1
EFRI-HyBi REU:  Bioengineering a
System for the Direct Production of
Biological Hydrocarbons for Biofuels
 3 years 93,400$ In progress N/A
DGE-0947929 Grant
(Original Award)
GK12:  Growing the Green Collar
Workforce for the 21st Century2
 1 year 434,429$ In progress 1st Annual Report
Approved
DGE-0947929 Amendment 001
(Year 2 Increment)
GK12:  Growing the Green Collar
Workforce for the 21st Century2
 1 year 568,800$ In progress
DGE-0947929 Amendment 001
(Year 3 Increment)
GK12:  Growing the Green Collar
Workforce for the 21st Century2
 1 year 572,600$ In progress
1,669,229$
20,424,945$
Footnotes:
2.  This sponsored project is also known as "Symbi, Iowa’s First GK-12 Program:  Growing Iowa’s Scientists for a Greener Tomorrow."
Table 9a.  History of ERC Funding of the Center.
Subtotal - ERC Special Purpose Awards
Grand Total
Subtotal - ERC Base Award
Total - ERC Program
1.  Original grant was awarded to Jackie Shanks through her home department (Chemical & Biological Engineering) at ISU; however, the REU
supplement was allocated directly to CBiRC; and hence, is reported as a sponsored project.
Total - Other NSF
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International/Foreign Partner
Institution Type of Activity
 Number of ERC
Foreign Faculty (FF)
and ERC Faculty
(ERCF)
 Number of US ERC
Students Involved in
Foreign Research
Labs for >30 Days
Number of Foreign
Students Working in
ERC Labs for >30
Days
Åbo Akademi University Research 1 (FF) and 5 (ERCF) 1 (2)
Eindhoven University of Technology Research 6 (FF) and 5 (ERCF) 1 (7)
Fritz Haber Institute, Max Planck
Society
Research 4 (FF) and 6 (ERCF) 1 (9)
Technical University of Denmark Research 4 (FF) and 5 (ERCF) 1 (10) 1 (1)
Total
Footnotes:
1.  Numbers in parentheses denote cumulative totals since the center's inception.
Table 9d.  Collaboration Activities with International Partner Universities.
Total Direct Center Cash Support
Sep-01-2008 -
Aug-31-2009
Sep-01-2009 -
Aug-31-2010
Sep-01-2010 -
Aug-31-2011
Sep-01-2011 -
Aug-31-2012
Sep-01-2012 -
Aug-31-2013
 Next Award
Year
Direct Cash Support (All Sources) $4,071,000 $6,790,445 $3,623,448 $6,157,900 $5,836,581 N/A
Residual Funds from Prior Year (All Sources) $0 $958,788 $3,513,433 $2,440,360 $3,397,905 N/A
Total Direct Center Cash Support $4,071,000 $7,749,233 $7,136,881 $8,598,260 $9,234,486 N/A
Expenses Proposed and Residual Budget
Sep-01-2008 -
Aug-31-2009
Sep-01-2009 -
Aug-31-2010
Sep-01-2010 -
Aug-31-2011
Sep-01-2011 -
Aug-31-2012
Sep-01-2012 -
Aug-31-2013
Proposed
Budget - Next
Award Year
A. Senior Personnel: PI/PD,  Co-PIs,  Faculty and
Other Senior Associates $216,009 $117,929 $666,924 $241,381 $326,289 $306,772
B. Other Personnel: $903,831 $1,630,348 $1,169,491 $1,818,987 $1,615,049 $1,776,448
Postdoctoral associates $187,182 $250,694 $219,850 $199,467 $247,782 $338,342
Other professionals (technician, programmer,
etc.) $77,295 $67,035 $495,673 $626,837 $581,385 $650,142
Graduate Students $250,968 $435,142 $374,841 $897,371 $698,719 $719,313
Undergraduate students $44,289 $76,790 $49,660 $91,139 $87,163 $68,651
Secretarial - clerical N/A N/A $0 $0 $0 $0
Other $344,097 $800,687 $29,467 $4,173 $0 $0
C. Fringe Benefits $232,695 $349,861 $387,833 $457,149 $385,344 $451,052
Total Salaries & Benefits (A+B+C) $1,352,535 $2,098,138 $2,224,248 $2,517,517 $2,326,682 $2,534,272
D.  Equipment $362,957 $286,058 $17,941 $26,586 $150,680 $175,695
E.  Travel N/A N/A $126,956 $127,267 $107,340 $136,100
F. Participant Support N/A N/A $480,340 $606,268 $668,429 $220,124
G. Other Direct Costs $679,115 $958,376 $933,600 $906,442 $1,416,550 $1,008,857
H. Direct Costs Total (A through G): $2,394,607 $3,342,572 $3,783,085 $4,184,080 $4,669,681 $4,075,048
I. Indirect Costs $717,680 $926,222 $1,067,345 $1,199,026 $1,166,900 $1,146,445
J. Direct and Indirect Costs Total (A through I): $3,112,287 $4,268,794 $4,850,430 $5,383,106 $5,836,581 $5,221,493
K. Residual Funds Remaining $958,713 $3,513,433 $2,286,451 $3,215,154 $3,397,905 $0
TOTAL Expenditures and Budgets (J+K) $4,071,000 $7,782,227 $7,136,881 $8,598,260 $9,234,486 $5,221,493
Current Year Support $4,071,000 $7,749,233 $7,136,881 $8,598,260 $9,234,486 N/A
ERC Program $0 $711,014 $2,930,469 $1,195,582 $1,567,683 $0
Other NSF $0 $0 $341,754 $487,198 $550,265 $0
Other Federal $0 $0 $0 $0 $75,490 $0
Industry $0 $114,493 $101,385 $143,680 $421,783 $0
Other $0 $62,571 $0 $99,052 $209,095 $0
Prior Award Year Residual Funds spent in
Current Award Year $0 $888,078 $3,373,608 $1,925,512 $2,824,316 $0
Table 10: Annual Expenditures and Budgets
Salaries & Benefits
Other Expenses
Prior Award Year Residual Funds spent in Current Award Year
[1] - For Centers in operation for more than five years.
Explanation for differences between residual funds spent and reported.
All NSF ERC residuals carried forward from AY 3 to AY 4 and from AY 4 to AY 5 were spent in the subsequent year.  Much of the variance in residual
funds spent and residual funds brought forward from the prior year is on the industry side.  This is because we have opted to create a contingency fund
equivalent to ~10% of our annual NSF ERC increment ($400,000).  Residuals on industry funds offer us a way to buffer against fluctuations in
memberships, delayed accounts receivables, and importantly, agency-wide budget reversions and/or shutdowns.  It also allows for some forward-
funding of planned project activities, e.g., IAB seed grants for new projects emerging from the discovery engine.
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Previous Award Year to
Current Award Year
(AY4 to AY5)
Current Award Year to
Proposed Award Year
(AY5 to AY6)a
Total Unexpended Residual Funds  $                    1,418,861  $                                             -
Committed, Encumbered, or Obligated Fundsb  $                       851,676  $                                             -
Residual Funds without Specified Use  $                       567,185  $                                             -
Footnotes:
a. As of the date of this report, the Center is not planning to carry any residuals into the next Award Year.  This may be
subject to change, however.  CBiRC is planning to hire a Laboratory Manager to help coordinate research activities on the
fourth floor of the BRL building at ISU, which currently houses several CBiRC investigators, their staff and students, and
shared and specialized equipment.  To this end, we may sequester funds and carry them forward into Award Year 6 to
cover the Lab Manager’s salary and benefits for up to one year.  Beyond that, it is envisioned that his/her salary will be
supported by other sponsored contracts and grants.
Table 10a.  Unexpended Residual in the Current and Proposed Award Year (NSF ERC Base Award Only)
b. Included here are unpaid commitments (outstanding amounts) on Purchase Orders/Subcontract Agreements to our
core and collaborating institutions.  Typically, subaward invoices and cost reimbursements lag at least a month or two
behind.  These prior-year obligations are due and must be paid in the subsequent year.  Also included are amounts held
in reserve for the Center’s three new faculty investigators (Barb, Shao and Tessonnier).
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5.4. Resources and University Commitment
5.4.1. Facilities and Headquarters Space
While all of the institutional partners are dedicated to the success of CBiRC, Iowa State
University has a unique role and is thus committed to take the lead in providing additional
resources beyond those from NSF and the Center’s industrial partners.  The biorenewables area
is critically important to ISU ― the state has identified it as a top priority, which creates an ideal
environment for CBiRC to flourish.  Also, a large biorenewables infrastructure exists at ISU that
CBiRC is able to access.  Given the importance of the Center, ISU has agreed to provide
$600,000 per year through Year 8 in direct funds to CBiRC, primarily for administrative and
education program management costs (this excludes REU and RET costs, which are budgeted
entirely on NSF ERC funds). We have also received cost share commitments from several of the
partner institutions for Years 6-8, as summarized in Table 5.4.1 below.
Table 5.4.1. Cost sharing commitments by institution and year.
Institution
Award
Year 6
Award
Year 7
Award
Year 8
Three-year
Total
Iowa State
University (Lead)
$600,000 $600,000 $600,000 $1,800,000
W. M. Rice
Universitya
$49,748 $49,748 $49,748 $149,244
University of
California –
Irvineb
$24,000 $24,000 $24,000 $72,000
University of
New Mexicoc
$29,552 $29,472 $29,250 $88,274
University of
Virginiad
$58,850 $58,850 $58,850 $176,550
University of
Wisconsin –
Madisone
$45,684 $45,684 $45,684 $137,052
Total $807,834 $807,754 $807,532 $2,423,120
Footnotes:
a. Rice University will contribute indirect (in-kind salary) support each year for Drs. Ka-Yiu San and Ramon
Gonzalez.
b. The University of California – Irvine will provide direct (cash) support of $24,000 each year ($12,000 from the
School of Engineering and $12,000 from the Office of Research) for materials and supplies for the labs of Drs.
Nancy Da Silva and Suzanne Sandmeyer.
c. The University of New Mexico will provide indirect (in-kind salary) support each year for Dr. Abhaya Datye.
d. The University of Virginia will provide direct (cash) support of $58,850 each year for equipment, students, etc.
e. The University of Wisconsin will provide indirect (in-kind salary) support each year for Dr. Jim Dumesic.
In addition to its significant cash commitment, ISU has also agreed to permanently waive
indirect costs on the Center’s industry membership fees.  It has further committed to hire five
new faculty members who will contribute to CBiRC over the life of the Center. As noted in an
earlier section of the report, three of the positions have been filled, and searches for the
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remaining two positions will commence sometime in the next couple years.  In all five searches,
CBiRC faculty served (or will serve) on the search committees.
Fig. 5.4.1. The Biorenewables Research Laboratory Building, new home of CBiRC.
ISU has also provided substantial space for the Center.  Construction is complete on the
33,000 square foot, $32 million Biorenewables Research Laboratory on the ISU campus
(Fig. 5.4.1). The Center’s administrative offices moved into ~1,000 square feet of new office
space in the building in May, 2010. The offices provide contiguous space for the Center
Director, Administrative Director, Industrial Liaison Officer, and support staff. The Center also
has access to conference rooms with high-tech audiovisual and telecommunication capabilities.
In addition, CBiRC has activities in over 9,000 square feet of the new building through research
facilities and new faculty laboratories as well as additional space for shared reactor, fermentation
and analytical equipment.  Two of the three new faculty members now have laboratory space in
the new building.  This new space provides a centralized focal point to complement the extensive
space available in individual faculty laboratories across the Center’s campuses.
To facilitate interactions across its partner campuses, the Center continues to rely heavily on
the state-of-the-art communications capabilities available through ISU Engineering Online
Learning, which offers a comprehensive suite of tools for enabling collaboration. The same
advanced communications technologies and virtual labs and classrooms developed for the
distance education online instructional programs are used to support the CBiRC faculty from all
partnering institutions to enable the collaborative research and educational programs at the heart
of the Center. We continue to conduct bimonthly center-wide meetings that use a web-
conferencing system to facilitate cross-campus communication.  The system employs Adobe®
Acrobat® Connect™ and Premiere Global Services, a teleconferencing system, for recordable
visual and audio content. [Adobe® Acrobat® Connect™ is the next generation of web-
conferencing software that enables individuals and small businesses to instantly communicate
and collaborate through easy-to-use, easy-to-access online personal meeting rooms.  Attendees
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can connect from any remote location using a computer equipped with compatible Internet
browser, web camera and microphone.]  The ISU Center members meet in one location during
this meeting (a high-tech Engineering Online Learning classroom/auditorium in Howe Hall).
The individual thrusts, SLC and Leadership Team also meet on a regular basis, and these groups
all use the same system.
The Center has also developed a secure Microsoft SharePoint (Intranet) site that is hosted and
maintained by Engineering Technology Support at ISU. This site further facilitates information
exchange/document sharing and serves as a central warehouse for data collection and storage.
5.4.2. Supporting a Cross-Disciplinary, Team Culture
CBiRC believes that the necessary initial condition required to create a cross-disciplinary,
team culture is to have a clear vision for the center, so that center members can clearly see where
their efforts fit.  However, having a clear vision is not sufficient to productively engage faculty
and students who are members of the center.  The productive engagement of center members
comes from agreement on the vision for the center.  The development of CBiRC began with the
vision, so faculty who were invited to participate knew what the center was trying to accomplish.
In this way, the faculty members that agreed to join the center were necessarily agreeing to the
guiding vision. Importantly, the original vision for CBiRC remains unchanged. With the
establishment of the vision and appropriate membership, the objective has turned to developing
an effective team culture.
The seamless flow of information among CBiRC members is critically important for
fostering a cross-disciplinary, team culture.  Key components of creating this information flow
have been establishing formal mechanisms as well as the informal mechanisms that will facilitate
it.  The formal mechanisms have largely been discussed above and include membership and
confidentiality agreements, regular meetings of the CBiRC membership at semi-annual site
meetings and bimonthly Adobe Connect meetings, regular thrust-specific meetings using Adobe
Connect, cross-disciplinary expertise residing in all of the research thrusts, and a management
structure that engages faculty from across the member institutions. While these formal
mechanisms provide a framework for information sharing, the informal mechanisms will be
required for the information to be effective.
The most effective informal mechanism for information sharing is through the students who
are performing the research.  We have intentionally invited faculty with complementary
expertise and capabilities to participate in CBiRC. Unlike a single investigator grant in which a
student primarily works in the major professor’s laboratory, CBiRC students have access to the
expertise and laboratory capabilities residing with the entire CBiRC faculty.  Therefore, the
project constraints for the students have transitioned from making use of what resides in their
individual laboratory to their creativity in utilizing the full expertise and capability across
CBiRC. The reward for both the CBiRC students and the faculty is the opportunity to do
research that would not otherwise be possible in the absence of the center.
The Center actively supports our junior faculty by educating their department chairs on how
the value of the collaborative interdisciplinary culture in CBiRC can help to propel the careers of
the participating assistant professors.  Importantly, with new hires made by ISU we have had
very deliberate conversions with the departmental homes for the new hires to ensure that there is
a shared understanding of how the faculty will engage with CBiRC as well as their home
departments. We are also deliberate in how we develop project teams within CBiRC so that there
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is clarity about technical contributions from the team members and that team members, while
being involved in interdisciplinary research, still develop clear research emphases where they
can become established technical  experts.
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5.5 Evaluation and Assessment
5.5.1 Program Overview
The evaluation of CBiRC is based on the center’s goals and objectives within the three
research thrust areas and goal areas for education, industrial collaboration and innovation, and
diversity. The evaluation is conducted by the Research Institute for Studies in Education (RISE)
at Iowa State University and supported by the Center for Excellence in Learning and Teaching
(CELT) at Iowa State University.
A theoretical framework of CBiRC evaluation is grounded on the CIPP model, which stands
for contexts, inputs, processes, and products (Stufflebeam, 2003) 1 .  The CIPP model is a
comprehensive evaluation framework for guiding formative and summative evaluation activities.
It is widely used in the context of research, education, and outreach program evaluation.  It
provides both a systematic and systemic way of examining various aspects of project
implementation.  Table 5.5a depicts key aspects of CBiRC operation and environment within the
four components of the CIPP evaluation model.
Table 5.5a. Evaluation model—CIPP (Context, Input, Process, and Product).
Context Input Process Product
Partnership
National
International in scope
(partners include universities,
schools, and industry)
Innovation
Organizational factors and
change
Diversity
Multidisciplinary/trans-
disciplinary research/
education/outreach
University faculty
Undergraduate, graduate
students and postdocs
School partners and 6-12th
grade teachers and students
Industry members and
partners
University partners
Minority faculty and
students
Curriculum development
and implementation
Mentoring
Partnerships
Project management
Accountability
Capacity building
Research experiences
Industry internships
International experiences
Educational modules/
curriculum
A new cadre of
engineers and scientists
Interdisciplinary
graduate minor
Entrepreneurship skills
and opportunities
Research findings, patent
applications, and
publications
Extramural funding
Sustainability
1 Stufflebeam, D. L. (2003). The CIPP Model for Evaluation.  Paper presented at the 2003
Annual Conference of Oregon Program Evaluators Network, Portland.
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The evaluation provides formative and summative information by utilizing a broad range of
methods and data collection at multiple points of specific program implementation.  Evaluation
methods include pre- and end-of-the program and 6-month follow up surveys of participants and
mentors, interviews, focus group discussions, and longitudinal tracking of students’ involvement
in research.  Key data sources include Center directors and research and program leaders,
students (undergraduate and graduate), postdoctoral research associates, faculty and scientists, 6-
12th grade teachers and students, industrial members and partners, mentors, and project records.
The primary focus of the evaluation is on activities related to the pre-college and university
educational programs. Annual plans of activities by these areas inform the evaluation.  The
evaluation also examines essential elements of Center operation, research, partnerships, and
sustainability.  The evaluation does not attempt to evaluate the quality of research efforts in the
three research thrust areas.  It is assumed that acceptance for publication, presentation, or patent
application represents sufficient evidence of project research goal attainment.
The evaluation plan is meant to be flexible and responsive to changes in project activities and
direction.  The evaluation plan undergoes a continuous review throughout the year to address
emerging needs and ensure that evaluation questions are aligned with program objectives.
Evaluation deliverables include annual evaluation reports, interim evaluation reports, and survey,
interview, and focus group instruments and protocols.  Timelines for submission of materials and
reports are determined by conduct of evaluation activities and Center and federal reporting
guidelines.
The summary of evaluation activities (Table 5.5a) provides detailed explanation of the
programs and particular activities being evaluated, the description of the methods used, and
deliverables. All evaluation activities have been approved by the Office of Responsible
Research, Humans—Institutional Review Board (IRB) at Iowa State University (IRB number 09-
132, exempt). Additional information regarding IRB approval is available in Appendix II.3.
5.5.2 Evaluation and Assessment—Progress to Date (March 2012 – February 2013)
The evaluation team holds regular meetings with the leaders for the university education, pre-
college education, and diversity programs and participates in regular leadership and center-wide
meetings with program leaders, the center director, the administrative directors, and other center
personnel.  Regular evaluation meetings focus on discussing evaluation objectives, questions,
design, instruments development and administration, data analyses, interpretations and research
problems.  Description of specific evaluation CBiRC activities, methods, and deliverables during
the period of March 2012 - February 2013 is provided in Table 5.5b. Additionally, during this
period, RISE conducted evaluations for five CBiRC associated projects, including the GK-12
program, the Summer Academy for Secondary Science Teachers, a one-week workshop for
elementary teachers titled “Plants in Society.” the Sustainable Biomass Production and
Processing (SBPP) REU, and CenUSA Internships.
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Educational outreach and information dissemination activities
RISE evaluators were co-authors on three posters presented at the March 2012 Engineering
Education Awardees Conference in Reston, VA.  The posters highlighted the CBiRC university
education program (CBiRC REU and associated SBPP REU) and the CBiRC pre-college
program.
Scholarly papers and conference presentations based on results from evaluations and
educational research within several CBiRC programs were submitted to peer-reviewed journals
in 2012 or early 2013.
Publications
Haen, K.M., Raman, D. R., Polush, E., and Kemis, M. (2012). Training the next generation of
creative, innovative, and adaptive scientists and engineers:  The NSF Engineering Research
Center for Biorenewable Chemicals (CBiRC) research experience for undergraduates. Education
for Chemical Engineers 7, e230-e240.
http://dx.doi.org/10.1016/j.ece.2012.09.001
Biorenewable chemicals are at the leading edge in addressing the world's ever increasing long-
term energy needs and may additionally make significant contributions to the issues of global
climate change and environmental sustainability.  The NSF Engineering Research Center for
Biorenewable Chemicals (CBiRC), a collaboration among a growing number of colleges,
research institutes, and industries, offers educational programs that attract a diverse set of
students into the engineering field, addressing the world’s need to produce globally competitive
college graduates capable of designing integrated chemical and biological processing systems.
CBiRC provides a unique fusion of innovative interdisciplinary research in the field of
biorenewable chemicals and undergraduate research opportunities through the CBiRC Research
Experience for Undergraduates (REU) program, which recruits some of the country’s most
promising young scientists and engineers.  The REU is an intensive nine-week program where
students not only learn first-hand laboratory research skills, but are also immersed in the
interdisciplinary academic environment of the center through workshops, seminars, research
group meetings, and interactions with all levels of CBiRC faculty, staff and students.
Undergraduate researchers appreciate the possibility of making a valuable contribution to
ongoing research and report increased independence and critical problem solving after
participation in CBiRC projects.  Pre-program and post-program surveys show that during the
two years of the REU program, students have consistently reported significant knowledge gains
associated with aspects of the research process, including sophisticated laboratory methodology
typical of professional research scientists and engineers.  Faculty who participate in the program
report professional gains associated with mentoring undergraduates in the program, and
additionally find the time spent with undergraduates helpful for refining their pedagogical
techniques, making the program not only rewarding for the students and faculty who are directly
involved, but also, through indirect means, for other science and engineering students who do not
participate in the REU program.
Geisinger, B. N., Raman, D. R., Haen, K. M, Kemis, M. R., Pate, M. L. (2012). Virtual education
center for biorenewable resources: Building capacity and humanizing distance education.
NACTA Journal, 56(4), 13-21.
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Despite the obstacles to traditional distance education courses, distance education and social
learning theorists suggest effective distance education courses can be developed. For this study,
we designed a new distance education course model and attempted to 1) Test the effectiveness of
the virtual education center model, understood through the lens of social learning and distance
education theories; 2) Discuss potential improvements to the model; and 3) Build upon distance
education and social learning theories. To achieve these goals, distance education courses were
offered using the new model. Participating faculty and graduate assistants responded to a survey
asking about their experiences with the model. Undergraduate learning was assessed by
examining students’ quiz grades, the number of times they attempted quizzes and their ratings
and comments for each class period. Students demonstrated learning regardless of whether
lectures were live or recorded. Faculty members and graduate assistants learned about
biorenewable resources and offering courses through distance education; they also made
suggestions to improve future distance education courses. The distance education model used in
this study is an effective means of educating students, teaching assistants, and faculty members.
Implications for distance education theory and distance education efforts are discussed.
Accepted for publication
Title: Why they leave: Understanding student attrition from engineering majors
Journal: International Journal of Engineering Education
Authors: Brandi N. Geisinger and D. Raj Raman
A large number of students leave engineering majors prior to graduation despite efforts to
increase retention rates. To improve retention rates in engineering programs, the reasons why
students leave engineering must be determined. In this paper, we review the literature on attrition
from engineering programs to identify the breadth of factors that contribute to students’
decisions to leave. Fifty studies on student attrition from engineering programs were included in
the primary part of this literature review. In the second half of the work, an additional 25 studies,
which focused on methods of increasing student retention, were examined. Six broad factors
driving students to leave engineering were identified by examining the attrition literature:
classroom and academic climate, grades and conceptual understanding, self-efficacy and self-
confidence, high school preparation, interest and career goals, and race and gender. Evidence
from the retention studies suggests that successful efforts to increase retention act on one or
more of these factors. A clear gap in the literature is that of economics: the costs associated with
losing students, and the costs associated with implementing retention strategies, are virtually
unmentioned.
Publication in process
Title: Elementary school science for a more sustainable future
This paper was not accepted in 2012 and is being revised with additional data from 2012/13.
Authors: Karri M. Haen, Mari R. Kemis, Arun Sethuraman, Lynne Bleeker, Jonathan Wendel
and Adah Leshem
According to recent national assessments, the majority of K-12 students in the United States are
not proficient in the sciences. Despite the unquestionable importance of childhood education,
elementary teachers may have little understanding of the nature of science, science content, and
how it is to be taught. To address these issues, the Iowa State University Plant Genomics
Outreach Program, combined with efforts from the NSF Engineering Research Center for
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Biorenewable Chemicals (CBiRC), has developed a constructivist sociocultural professional
development model for a plant biology workshop that provides elementary school teachers with
the motivation, confidence and resources for inquiry-based curriculum and instruction.  After
participating in the five-day workshop, elementary school teachers scored significantly better on
a content knowledge test covering topics related to plant biology and biorenewable resources.
Corroborating sources of evidence revealed that, compared to other professional development
experiences, teachers were more inspired to integrate new science content and pedagogical
techniques into their curricula when basic principles were conveyed to them as community-
centered ideas such as “going green.” This study finds that elementary school teacher curricular
change can be strongly influenced by teachers’ personal perceptions of the nature of science.
Presentations
Hargrave, C., & Kemis, M.R. (2012, November). Influence of the Young Engineers and
Scientists program for underrepresented minority high school students on their knowledge and
career aspirations in STEM fields. Presented at the annual conference of Science in Society,
Berkeley, CA.
One of the most common methods advocated by the National Science Foundation to develop
STEM knowledge and influence career aspirations of students into STEM fields is to provide
legitimate peripheral participation in communities of practice. Students who were a part of a pre-
college program to recruit and motivate students to major in a STEM discipline in college
participated in a six-week research experience for underrepresented minority high school
students in a variety of science and engineering laboratories at a major Midwestern university.
This study presents a description of the Young Engineers and Scientists program and results
related to student participation during 2010 and 2011. First, overall results revealed increased
participant confidence related to science and enhanced ability to choose a major and college.
Second, a case study of three students examines their personal development and essential
experiences that influenced their career path in light of four critical components of the six-week
research program.
Kemis, M.R., & Haen, K. (2012, October). The evolution of responsive education program
evaluation at the NSF Engineering Research Center for Biorenewable Chemicals. Presented at
the annual conference of the American Evaluation Association, Minneapolis, MN.
The Iowa State University Research Institute for Studies in Education (RISE) has managed the
evaluation of the NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) pre-
college education programs for the center’s four project years.  A longitudinal study of the
CBiRC Research Experience for Teachers (RET) highlights the evolution of the overall
evaluation design, where the essential feature of the approach is responsiveness to key issues or
methodological problems developed throughout the maturation of this professional development
program for high school teachers.  The continual adaptation of the evaluation’s goals and data
collection for the RET emphasizes the value of a highly integrated, yet flexible, evaluation
framework, where the evaluation rigorously generates and seeks to answer basic research
hypotheses about the program’s components. Research-based measures of programmatic success
have stimulated continued innovation in the design features of both the evaluation and the
education program.
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5.5.3. Evaluation and Assessment—Future Plans
It is expected that the evaluation team will continue to review the evaluation plan and related
evaluation activities and adapt it to modifications in programming as needed. The evaluation
team will continue weekly meetings with the leaders for the university and pre-college education
programs for the purpose of discussing programmatic activities as well as developing and
conducting complementary evaluation activities.  The evaluation team will also meet as needed
with the leaders for diversity and industrial collaboration and innovation programs, and center
and administrative directors.
To provide continuity, data collection for each of the program activities will continue.  Now
that instruments have been tested and revised in the past two years, we do not expect to make
major changes to them.  Stable instruments will allow us to use the data collected for
longitudinal cohort-type studies.  Further, the number of participants is at a level where statistical
testing is more appropriate and with new cohorts of teachers (RET) and students (REU, graduate
minor courses, and working in CBiRC laboratories) being added annually, more sophisticated
analysis and testing can be conducted, as trends and impacts are examined for multiple and
cumulative years of participation. In addition to data collected from the education programs, over
2000 middle school students in the GK12 project have provided survey data related to their
attitudes regarding science and their career plans.  Data were also collected from students of RET
teachers and a control group of non-participating high school teachers.  The pre- and post-data
will be analyzed for both of these studies and used for education research publications.
Two research projects are underway in collaboration with CBiRC and GK-12 principal
investigators, with publishable articles as the intent. First, the REU program uses a combination
of closely mentored CBiRC-relevant lab work and thrust-specific seminars to provide a deep
understanding of fundamental principles honed by hands-on experiences. In partnership with Dr.
D. Raj Raman, who serves as lead, the evaluation team has recently begun a research project
based on the following hypotheses. Specifically, based on the first five years of experience with
the REU program (and with another 50-student internship summers worth of experience
overseeing or hosting students), we hypothesized that good mentoring of REU students is
characterized by six key actions, namely: (1) prioritizing safety – both training students and
demonstrating it personally; (2) being prepared for REU to arrive – having a well-defined project
with a realistic, but non-trivial scope, and having necessary literature, equipment, and supplies
available; (3) literally being available to the REU regularly (i.e., no absentee landlords); (4)
being positive – emphasizing what’s working and correcting errors in a positive way; (5) being
proactive by staying engaged in the REU’s work all summer long; and (6) keeping a beginner’s
mind – being patient with questions and taking on the challenge of explaining one’s work to a
neophyte. We are testing these hypotheses on a cohort of approximately 100 students from the
2012 REU (and similar) programs at CBiRC’s lead institution. At this time, we have agreement
from nine REUs held at ISU to participate. Our approach to test this hypothesis is to survey ISU
REU participants from the summer of 2012 to evaluate (a) the degree to which their mentors
exhibited these key actions, and (2) their overall quality of experience. We have ISU IRB
approval for this project. We believe that by identifying these key actions, we can better prepare
our mentors and have more successful program outcomes.
Second, the impact of the GK-12 experience on the Fellows’ ability to communicate to non-
technical audiences is being measured by an observation protocol designed to measure changes
in their abilities. The hypothesis is that as Fellows’ gain experience teaching middle school and
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high school students, their communication skills will improve. The first observation occurs in the
fall semester and serves as the baseline measure of the Fellows’ communication ability in the
following areas: organization, message, language, equity, delivery, technology, questions,
presence, and student engagement. After the first observation, each Fellow received an
assessment of their communication skills and personal coaching if requested. Follow-up
observations conducted in the spring measure changes from the first to second observation.
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and Alkaline Earth Metal Salts on Glucose Conversion to 5-Hydroxymethylfurfural in an 
Aqueous System.”  Catalysis Communications 30 (2013): 1-4 (DOI: 
10.1016/j.catcom.2012.10.011). 
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CBiRC Fifth Annual Report
Volume I 251 April 10, 2013
Gallo, Jean Marcel R.; David Martin Alonso, Max A. Mellmer, and James A. Dumesic.  
“Production and Upgrading of 5-hydroxymethylfurfural Using Heterogeneous Catalysts 
and Biomass-derived Solvents.”  Green Chemistry 15(1) (2013): 85-90 (DOI: 
10.1039/C2GC36536G). 
 
Halevi, B., E. J. Peterson, A. Roy, A. Delariva, E. Jeroro, F. Gao, Y. Wang, J. M. Vohs, 
B. Kiefer, E. Kunkes, M. Hävecker, M. Behrens, R. Schlögl, and A. K. Datye. “Catalytic 
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Christiansen, K. L., D. R. Raman, and R. P. Anex.  “Predicting Cost Growth and Performance of 
First-Generation Algal Production Systems.”  Energy Policy 51 (2012): 382-391 (DOI:  
10.1016/j.bbr.2011.03.031). 
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Raman, D. R. and R. P. Anex.  “Conceptual and Mathematical Models of Batch Simultaneous 
Saccharification and Fermentation:  Dimensionless Groups for Predicting Process 
Dynamics.” Journal of Biological Systems 20(2) (2012): 195-211 (DOI:  
10.1142/S0218339012500064). 
 
University Education Program 
 
Geisinger, B. N., D. R. Raman, K. M. Haen, M. R. Kemis, M. R., and M. L. Pate.  “Virtual 
Education Center for Biorenewable Resources: Building Capacity and Humanizing 
Distance Education.”  NACTA Journal 56(4) (2012): 13-21. 
 
Haen, K. M., D. R. Raman, E. Polush, and M. R. Kemis.  “Training the Next Generation of 
Creative, Innovative and Adaptive Scientists and Engineers: The NSF Engineering 
Research Center for Biorenewable Chemicals (CBiRC) Research Experience for 
Undergraduates.”  Education for Chemical Engineers 7(4) (2012):  e230-240 
(http://dx.doi.org/10.1016/j.ece.2012.09.001). 
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5 29.00 0.00 0.00 142,858
17 382,752
7 17,500
0 0
0 0
    702,578
142,559
    845,137
70,000$
     70,000
28,000
0
136,300
24,200
27,475
26,149
29     214,124
174,356
2,000
0
3,000
1,943,980
195,918
   2,319,254
   3,476,515
523,485
 
   4,000,000
0
   4,000,000
0
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Budget Justification 
 
The following information is provided in explanation of the Summary Proposal Budget (NSF 
Form 1030); specifically, those costs that will be supported with NSF ERC base funding.  All 
growth requested in the budget is within the traditional growth trajectory for ERC’s ― which 
projects increases in base support of $250,000 per year until the annual level is $4.0 million.  
The Year 6 budget allows for 3% inflation in salaries, fringe benefits, travel, and other direct 
costs, except graduate student tuition, for which 2013-14 rates have already been established by 
the Graduate College and approved by the Iowa Board of Regents. 
 
A.  Senior Personnel 
Salary support is requested for the PI/PD, Co-PI/PD, and other senior personnel who are 
carrying out the Center’s research strategic plan.  NSF-funded person-months and requested 
salary amounts are shown on the individual budget pages.  [NOTE:  Salaries of the Director and 
other members of the Center’s Leadership Team are also supported by ISU as part of its 
institutional cost sharing and/or by industry through the Center’s member program.  These salary 
amounts are not itemized or explained here.] 
 
B.  Other Personnel 
ERC funds will also help support the salaries of postdocs, other professionals (research and 
scientific staff), graduate students, and undergraduate students, as indicated on the NSF Form 
1030.  [NOTE:  Salaries of administrative personnel are also supported by ISU as part of its 
institutional cost sharing and/or by industry through the Center’s member program.  While 
ordinarily included as part of the F&A cost pool for colleges and universities, administrative 
salaries are budgeted as direct costs on cost share funds because this project requires an 
extensive amount of coordination with the Center’s university and industry partners; data 
collection, management and reporting; cost and subrecipient monitoring; technical and 
programmatic reporting; etc.] 
For university faculty and staff, labor costs are projected on the basis of actual monthly 
salaries for the fiscal year ending 6/30/13.  Labor costs for graduate students are based on 
average monthly stipends paid by the participating academic departments at ISU to half-time, 
PhD-seeking graduate research assistants.  Labor costs for undergraduate students are based on 
average hourly wages paid to engineering and non-engineering students in their sophomore or 
junior year of study (typically $9-10 per hour). 
 
C.  Fringe Benefits 
At Iowa State University, fringe benefits are specifically identified to each employee and are 
charged individually as direct costs.  These costs are budgeted as a percentage of an individual’s 
salary based on his/her labor category.  Current rates for applicable labor categories are: 
Faculty 30.5% 
Postdocs 37.0% 
Professional & Scientific 49.7% 
Graduate Assistants 12.9% 
Undergraduate Student Hourlies 4.6% 
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D.  Equipment 
Equipment funds are budgeted for two of the Center’s new faculty affiliates, Drs. Zengyi 
Shao (Thrust 2) and JP Tessonnier (Thrust 3).  This fulfills the second year of the Center’s three-
year commitment to their home department (Chemical & Biological Engineering) for new 
faculty startup funds.  As leaders of new lab groups housed in the BRL building at ISU, they 
need to purchase equipment that will facilitate their CBiRC research specifically, but to the 
extent practicable, also have value for multiple CBiRC researchers more generally.  At this time, 
the exact equipment items to be purchased are not yet known.  However, based on increasing 
demand for existing equipment in the BRL, this list might include a new -20º freezer, -80º 
freezer, laminar biohood, incubator shaker, cell disruptor, and/or centrifuge. 
 
E.1  Travel (Domestic) 
Travel funds are requested for faculty investigators and their staff or students to attend 
national technical meetings.  The purpose of attending these meetings is to present project results 
to the scientific community as they become available.  Because the sites of these meetings are 
unknown at the time of report submission, it’s difficult to provide details on destinations and 
individual trip costs.  Nonetheless, expenses for 14 such trips are estimated at ~$2,000 each and 
include airfare, lodging, surface transportation, meals, and other miscellaneous expenses 
including registration fees, as applicable.  Airfare, rates for lodging, and shuttle fares are 
estimates based on past trips of a similar nature.  All other travel expenses are reimbursable 
based on actual costs, including meals, which are subject to the University’s standard daily 
allowances (per diem).  For employee out-of-state travel, the daily maximum is $40 (Breakfast - 
$8; Lunch - $12; and Dinner - $20).  Mileage for personal vehicles is reimbursed at the standard 
rate of $0.565 per mile for round trips of less than 100 miles, and $0.2825 per mile for round 
trips of greater than 100 miles. 
 
F.  Participant Support Costs 
In accord with ERC program requirements, we are requesting support for CBiRC’s own 
Research Experience for Undergraduates (REU) and Research Experience for Teachers (RET) 
programs, and budgeted allocations are well above the required minimum of $42,000 per 
program per annum.  Additionally, funds are budgeted for CBiRC’s own Young Engineers & 
Scholars (YES) Program.  Year 6 participant support costs for each of these programs are 
itemized in the tables below. 
 
REU Program (13 undergraduate students) 
Line-Item Budget Explanation 
Stipends $61,750 13 students at $475/week for 10 weeks 
Travel $15,600 $1,200 allowance per student 
Subsistence $22,750 13 students at $1,750 each ($1,100 housing + $650 meal plan) 
Other $8,462 $662 for general orientation notebook/materials + $600 supply 
allowance per student for each host/mentor lab 
 $108,562 Total Participant Support Costs – REU Program 
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RET Program (10 high school teachers) 
Line-Item Budget Explanation 
Stipends $57,750 10 teachers at $825/week for 7 weeks 
Travel $5,000 $500 allowance per teacher 
Subsistence $4,725 3 two-bedroom apartments at $1,575 each* 
Other $15,387 $387 for general orientation notebook/materials + $500 supply 
allowance for each host/mentor lab + $1,000 supply allowance for 
each teacher’s high school classroom 
 $82,862 Total Participant Support Costs – RET Program 
* Most RET participants live within an hour’s drive to/from campus, and hence, do not require housing.  While 
we don’t know at this time how many will come from more remote sites, we plan to reserve 3 two-bedroom 
apartments in on-campus housing for up to 6 RET’s in the cohort. 
 
YES Program (6 high school students) 
Line-Item Budget Explanation 
Stipends $16,800 6 students at $400/week for 7 weeks 
Travel $3,600 $3,600 for van rental and mileage* 
Subsistence $0 Not applicable 
Other $2,300 $500 for general orientation notebook/lab coats/materials + $300 
supply allowance for each host/mentor lab 
 $22,700 Total Participant Support Costs – YES Program 
* Most YES participants live within an hour’s drive to/from campus, but for liability reasons, we have opted to 
rent a 7-passenger van from ISU Transportation Services and provide shuttle service to and from their homes 
each day during the seven-week summer program.  We plan to pay from other sources (namely, institutional 
cost sharing) the wages of an ISU undergraduate student (or two) who will serve as van driver. 
 
G.  Other Direct Costs 
 
Funds are requested for the purchase of research and laboratory supplies that are necessary 
for completion of tasks as proposed.  These include chemicals and reagents; biological samples 
and sample preparation/analysis; glassware and containers (including cylinders and compressed 
gases); calibration standards and expendable equipment for laboratory experiments and chemical 
analyses (e.g., reactors; pumps, valves, and fittings; flow meters; stirrers, temperature 
controllers; etc.); and miscellaneous hardware, plumbing and electrical supplies for modification 
of experimental apparata.  Cost estimates for these materials are based on the investigators’ prior 
experience with projects of similar scope and complexity. 
Materials and Supplies 
 
Publication of research results in scientific, peer-reviewed journals is important to 
maintaining the credibility of any research program and is an expected output of all ERC’s.  
Consequently, funds are requested to help defray publication costs of scientific articles in various 
peer-reviewed journals as a result of the Center’s research.  Cost estimates include page charges 
for manuscripts and/or reprints in scientific journals, necessary illustrations, and other 
publication and graphics charges. 
Publication Costs 
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Funds for high-performance computing and technical support are also requested.  This will 
help defray costs for services such as shared and distributed memory parallel programming; 
selection and development of efficient algorithms for scientific computing; and program 
optimization, particularly those using large amounts of data, memory, or CPU time. 
Computer Services 
 
As described in Chapter 5 of the annual report, CBiRC is configured as a multi-institutional, 
cross disciplinary center.  To this end, funds will once again be awarded to the Center’s core 
partner institutions, which now includes Pennsylvania State University, and its two collaborating 
institutions (Salk Institute for Biological Studies and University of Michigan).  In accord with 
reporting guidelines, a separate NSF budget form for each subawardee is provided as part of the 
FastLane supplemental funding request. 
Subawards 
 
 
Other 
Tuition 
At ISU, Graduate College policy requires investigators to budget in all applications for 
sponsored research, when and where allowable, 100% tuition for each Ph.D. candidate whose 
salary will be paid on the project.  For purposes of this request, a full 12 months of tuition (Fall, 
Spring and Summer terms) has been budgeted for each graduate student whose salary will be 
charged to the award. 
 
I.  Indirect Costs 
In accord with the Center’s Cooperative Agreement, the DHHS-approved indirect cost rate in 
effect at the time of initial award ― 46.5% for organized, on-campus research ― is to remain in 
effect for the life of the award.  Consequently, this rate is applied to Modified Total Direct Costs 
(MTDC), which exclude equipment, tuition, patient care costs, and subcontract amounts 
exceeding $25,000. 
Recent guidance from the NSF suggests that Participant Support Costs should be excluded 
from indirect cost calculations.  However, at the time of initial award, indirect costs were 
allowable on PSC and were budgeted accordingly, but on Stipends only, and at the 
predetermined rate of 25%.  Our Year 6 budget continues to include this 25% IDC on Stipends, 
again because our Cooperative Agreement stipulates that the rate in effect at the time of award 
must remain in effect for the life of the award. 
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M.  Cost Sharing 
As referenced in the Cooperative Agreement, and as a condition of award, Iowa State 
University will provide cost sharing in the amount of $600,000 (cash) through Year 8.  Several 
of our core partner institutions are also contributing cost sharing, as originally reported in the 
Center’s third year renewal proposal. 
In accord with p. 40 of the FY 2013 reporting guidelines, separate budgets have been entered 
in FastLane for ISU and all of its subawardees.  However, the program to which the original 
Center proposal was submitted (NSF 07-521) did not require cost sharing, i.e., cost sharing was 
not mandatory, so Line M on NSF Form 1030 is not available for use.  In lieu of this, cost 
sharing commitments are itemized by institution in the following table.  [NOTE:  No Federal 
funds will be used to meet the Center’s cost sharing obligations.  Further, the amount of cost 
sharing will be documented on an annual and final basis and certified by the university’s AOR 
through FastLane.] 
 
Year 6 Cost Sharing Commitments by Institution 
Institution Amount 
Iowa State University (Lead) $600,000 
W. M. Rice University $49,748 
University of California - Irvine $24,000 
University of New Mexico $29,552 
University of Virginia $58,850 
University of Wisconsin - Madison $45,684 
Total $807,834 
 
Budget Justification for Cost Sharing at Iowa State University 
At Iowa State University, cost sharing will be used to support the general operations of the 
Center, including the salaries and fringe benefits of senior management and administrative 
personnel, center-related travel, education and industry program costs, administrative supplies 
and services, and meeting expenses.  The latter includes expenses associated with the conduct of 
the Center’s two annual meetings; namely, the May site visit and Fall working meeting, which 
are considered extramural, since individuals from outside the center (e.g., Industrial and 
Scientific Advisory Board members, prospective industry member representatives, guest 
speakers, etc.) routinely attend. 
 
Leadership/Administration/Management 
Salary/wage support will be provided for faculty and non-faculty members of the Leadership 
Team and administrative support staff for their efforts in managing the Center.  While ordinarily 
included as part of the F&A cost pool for colleges and universities, administrative salaries will 
be provided as direct costs because this project requires an extensive amount of coordination 
with university and industry partners; data collection, management and reporting; cost and 
subrecipient monitoring; technical and programmatic reporting; etc. 
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Education Programs 
Covered here are the costs of managing the Center’s pre-college and university education 
programs, including director and staff salaries, student wages (program aides and van drivers), 
payments to master teachers providing curriculum development support for the RET and YES 
programs, education/outreach and multi-institutional collaborative activities, program evaluation 
and assessment, software and teaching/instructional supplies, and formal dissemination of the 
Center’s educational products.  Excluded are participant support costs for the RET, REU and 
YES programs, which will be supported entirely with NSF funds.  [NOTE:  The Center’s Student 
Leadership Council is supported in part with prior-year residuals, and to an increasing extent, 
with industry member fees.  In fact, grants awarded through the SLC’s Student-led Research 
Grant program are funded entirely by industry funds.] 
 
Industrial Collaboration/Innovation Program 
The budget for the Center’s industrial collaboration and innovation program will be co-
sponsored by university and industry funds.  Anticipated costs include the ILO’s travel to 
national technical meetings and industry trade shows, hospitality for on-campus visits by 
industry members or innovation partners, new and on-going IAB seed grants, program marketing 
and communications, etc. 
 
Center-Related Travel (Domestic) 
Funds are budgeted each year for non-ISU members of the Center’s Leadership Team and 
Scientific Advisory Board members to travel to the May site visit and Fall working meeting in 
Ames.  Funds are also budgeted for program development and recruiting-related travel of the 
Diversity Director, and finally, for key senior personnel to attend the separate retreats of the 
different ERC leadership communities (e.g., AD’s, ILO’s, E&O directors).  As directed by ERC 
program managers, costs for the Center’s Leadership Team members to attend the retreats this 
Summer (2013) are included in our budget (next year’s budget will cover the Leadership Team’s 
travel to the November 2014 cross-ERC meeting in Washington, DC). 
 
General Operating Expenses 
Funds are budgeted for the purchase of general office and administrative supplies; 
communications, web-conferencing and computer/systems support; publications, printing, 
graphic design and editorial services; and expenses associated with the Center’s annual meetings 
(May site visit and Fall working meeting), including facilities rental, on-site transportation, 
conference planning and management fees, and meals and coffee breaks.  Also covered are 
software and information management system costs (e.g., web design/development and site 
maintenance) that facilitate the integration of ERC components and enable effective cross-
campus communication and collaboration.  While ordinarily included as part of the F&A cost 
pool, administrative supplies and services are requested as direct costs because this project 
requires an extensive amount of coordination with university and industry partners; data 
collection, management and reporting; cost and subrecipient monitoring; technical and 
programmatic reporting; etc. 
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Budget Justification 
Pennsylvania State University 
 
A.  Senior Personnel 
Costas Maranas, Principal Investigator, will be working on this project throughout the year.  
Dr. Maranas will computationally assess the effect of fatty acid chain length on engineering 
E. coli by applying and customizing the OptForce procedure (Ranganathan et al., 2010) to 
identify the complete set of engineering modifications leading to the overproduction of free fatty 
acid lengths (C6 - C16). He will provide Thrust 2 leadership with a list of genetic engineering 
suggestions superimposed onto the metabolic model, supervise the graduate student assigned to 
the project, and provide yearly reports that outline progress towards established goals.  No salary 
support is requested. 
 
B.  Other Personnel 
Funds are budgeted for one graduate student to assist the PI with the work described above.  
Proportional tuition is described under “Other Direct Costs.” 
 
C.  Fringe Benefits 
Fringe benefits were computed at current rates for Category II Graduate Assistants. 
 
E.1  Travel (Domestic) 
Reporting scientific results is an important activity.  Funds will support travel to sponsor 
sites and professional meetings. Mileage estimates are based on the travel rate posted on the 
Penn State travel web site. All travel will be in accordance with University travel regulations and 
mileage will be charged at the current rate on the date of travel. Travel estimates are based on 
costs that were incurred on previous projects of a similar nature for federal and state agencies. 
 
G.  Other Direct Costs 
 
Materials and Supplies 
Funds are requested for laboratory supplies, computer supplies and equipment valued at less 
than $5,000. 
 
Other Direct Costs 
Funds are requested for graduate student tuition.  The budgeted amount was computed using 
approved tuition rates for a one-half (1/2) time graduate assistant for all three terms (fall, spring 
and summer session). 
 
I.  Indirect Costs 
The indirect cost rate is 49.0% of modified total direct costs, which excludes tuition.  This is 
the same rate that was in effect at the time of initial award. 
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L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
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Cumulative
C
Salk Institute
Joseph
Joseph
 H
 H
 Noel
 Noel
 0.00  0.00  0.00
 0.00  0.00  0.00 0
0  0.00  0.00  0.00          0
1 12.00 0.00 0.00 53,098
1 3.00 0.00 0.00 21,882
0 0
1 9,137
0 0
0 0
     84,117
18,795
    102,912
         0
0
0
0
0
0
0
0          0
26,818
1,500
0
1,500
0
2,000
     31,818
    134,730
121,930
 
    256,660
0
    256,660
0
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Budget Justification 
Salk Institute for Biological Studies 
 
A.  Senior Personnel 
Joseph P. Noel, Ph.D. (1.2 calendar months/no salary requested), will oversee the subaward 
as Principal Investigator and assist the postdoctoral associates, laboratory manager, and 
undergraduate assistant with the structural, mechanistic and engineering studies to be performed 
on the enzymes of methylketone biosynthesis and polyketide biosynthesis, particularly pyrone 
forming plant type III polyketide synthases and ketoacyl synthases used to provide precursors for 
work on polyketide biosynthetic pathways. Dr. Noel’s salary and benefits and those of one staff 
scientist (Dr. Gordon Louie), one administrative assistant (June Brennan), and one postdoctoral 
trainee are paid by their employer, the Howard Hughes Medical Institute (HHMI). 
 
B.  Other Personnel 
Postdoctoral Associates – Two postdoctoral associates will focus their effort on the structural 
and engineering analysis of methylketone synthases and polyketide synthases. One of the 
postdoc’s salary support is provided by HHMI. 
Other Professionals – Marianne Bowman, Senior Laboratory Manager (3 calendar months), 
will devote effort towards the production of mutant genes associated with both the methylketone 
work and the work on engineering polyketide synthases. Her initial effort will focus on 
improving the catalytic activity, the catalytic specificity and enzyme stability of a type III 
polyketide synthase producing pyrone products associated with our pyrone testbed project. She 
will work in close contact with the postdocs and Dr. Louie (see below) to produce and 
thoroughly characterize the structural and functional features of newly engineered systems prior 
to handoff to Dr. Nancy Da Silva’s group at UC-Irvine as part of Thrust 2. Dr. Gordon Louie 
(3 calendar months/no salary requested) will devote effort towards the x-ray crystallographic 
analyses of newly discovered and existing type III polyketide synthases. Dr. Louie’s salary 
support is provided by HHMI. 
Undergraduate Students – Justin Pacheco, an undergraduate student at Cal State San Marcos 
(3 calendar months) will serve as research assistant to Ms. Bowman and the postdocs. He will 
assist in mutant generation and quality control analyses, as well as the preparation of multi-
milligram quantities of recombinant proteins for structural and functional characterization by the 
postdocs and Dr. Louie. 
 
C.  Fringe Benefits 
Fringe benefits are budgeted at 22% of salary for the postdoc and 32.5% of salary for the 
Laboratory Manager.  These are current rates for these classifications. 
 
G.  Other Direct Costs 
 
Materials and Supplies 
Funds are requested for biochemicals and synthetic reagents, growth media, oligonucleotides 
and molecular biology kits and reagents, chromatography resins, disposable tips and plasticware 
and 96-well blocks for automated crystallization, protein purification and enzyme assays. These 
reagents are critical for the generation of mutant enzymes, their chromatographic 
characterization and purification. 
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Publication Costs 
Funds are requested to partially defray the costs associated with publications. 
 
Computer Services 
Funds are requested for data storage and archiving. Processed data is deposited in public 
databases including the Protein Data Bank for long-term storage. 
 
Other 
Central Services provide investigators with glassware washing, lab support, equipment 
repair, multimedia services, photocopying and postage. These are institutional services for which 
investigators are charged on a fee-for-use basis. 
 
I.  Indirect Costs 
The indirect cost rate is 90.5% of modified total direct costs. 
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6YEAR
6
University of California-Irvine
Nancy
Nancy
 H
 H
 Da Silva
 Da Silva
Nancy A Da Silva - PI  0.00  0.00  1.00 14,078
   0   0.00   0.00   0.00        0
1  0.00  0.00  1.00      14,078
1 10.00 0.00 0.00 27,744
0 0.00 0.00 0.00 0
3 76,158
0 0
0 0
0 0
    117,980
73,945
    191,925
         0
4,000
0
0
0
0
0
0          0
25,307
1,000
0
0
0
0
     26,307
    222,232
93,853
Modified Total Direct Costs (Rate: 53.0000, Base: 177081)
    316,085
0
    316,085
0
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Cumulative
C
University of California-Irvine
Nancy
Nancy
 H
 H
 Da Silva
 Da Silva
Nancy A Da Silva - PI  0.00  0.00  1.00 14,078
 0.00  0.00  0.00 0
1  0.00  0.00  1.00      14,078
1 10.00 0.00 0.00 27,744
0 0.00 0.00 0.00 0
3 76,158
0 0
0 0
0 0
    117,980
73,945
    191,925
         0
4,000
0
0
0
0
0
0          0
25,307
1,000
0
0
0
0
     26,307
    222,232
93,853
 
    316,085
0
    316,085
0
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Budget Justification 
University of California, Irvine 
 
A.  Senior Personnel 
Salary support (1.0 summer month) is requested for the PI, Dr. Nancy Da Silva, who will 
direct the research work at UCI, supervise the postdoc and graduate student researchers, and 
collaborate with other center colleagues on thrust and testbed activities.  No salary support is 
requested for the Co-PI, Dr. Suzanne Sandmeyer (effort = 0.05 mos.) 
 
B.  Other Personnel 
Under the mentorship of the PI and Co-PI, the postdoc and graduate student researchers will 
design and execute experiments for this project, perform data analyses, and write papers to 
present research findings.  Personnel costs are at published University salary scales. 
 
Post-Doctoral Researcher:  Yao-Yi Chang, $27,744 
Salary support requested for one year @ 80%. (PI: Dr. Suzanne Sandmeyer) 
 
Graduate Student Researcher:  James Yu, $29,000 
49% in the academic year and 100% in the summer. (PI: Dr. Suzanne Sandmeyer) 
 
Graduate Student Researcher:  Chris Leber, $23,579 
49% in the academic year and in the summer. (PI: Dr. Nancy Da Silva) 
 
Graduate Student Researcher:  Jin Wook Choi, $23,579 
49% in the academic year and in the summer. (PI: Dr. Nancy Da Silva) 
 
C.  Fringe Benefits 
 
Salary-based Benefits:  $28,793 
Academic Employees:  PI @ 12.7%; postdoc @ 27.8%; graduate student researchers @ 1.3% 
(academic months) and 3.0% (summer months). Employee benefits are calculated at published 
University composite rates. 
 
Tuition and Fees:  $45,152 
Graduate tuition and fees for three resident students are included in fringe benefits per University 
policy. 
 
E.1  Travel (Domestic) 
Travel costs are for domestic travel for the PI and/or graduate student researchers to attend 
scientific meetings to present research findings. Travel costs are based on historical data for 
transportation, lodging, meals, conference fees and incidentals. 
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G.  Other Direct Costs 
 
Materials and Supplies 
Funding for project research materials and supplies are based on historical data. Requested 
materials and supplies include: chemicals, enzymes, primers, gene synthesis, DNA sequencing, 
molecular biology kits, media components, plasticware, glassware, fermentation supplies, etc. 
 
Publication Costs 
Included here are the costs of disseminating research results in journals, publishing technical 
papers, preparation and the printing of reports, and dissertation expenses. These costs are based 
on historical data. 
 
I.  Indirect Costs 
Facilities and administrative costs are calculated in accordance with UCI’s rate agreement 
which was approved by DHHS, the federal cognizant audit agency on 7/13/2007. Calculations 
are made on a Modified Total Direct Costs base at a rate of 53% effective 7/1/2008. 
 
M.  Cost Sharing 
As documented in the Center’s third year renewal proposal, cost sharing will be provided in 
Years 6-8.  These funds will be used to support Dr. Da Silva’s center-related research and 
leadership activities. 
• $12,000/year from unrestricted funds available to the School of Engineering. 
• $12,000/year from unrestricted funds available to the Office of Research. 
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6YEAR
6
University of Michigan Ann Arbor
Eran
Eran
 H
 H
 Pichersky
 Pichersky
Eran Pichersky - PI  0.00  0.40  1.00 16,363
   0   0.00   0.00   0.00        0
1  0.00  0.40  1.00      16,363
1 12.00 0.00 0.00 38,872
0 0.00 0.00 0.00 0
1 13,250
0 0
0 0
0 0
     68,485
19,906
     88,391
         0
1,500
0
0
0
0
0
0          0
17,973
0
0
0
0
5,011
     22,984
    112,875
58,785
Modified Total Direct Costs (Rate: 54.5000, Base: 107863)
    171,660
0
    171,660
0
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University of Michigan Ann Arbor
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 H
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 Pichersky
 Pichersky
Eran Pichersky - PI  0.00  0.40  1.00 16,363
 0.00  0.00  0.00 0
1  0.00  0.40  1.00      16,363
1 12.00 0.00 0.00 38,872
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1 13,250
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0
0
0
0
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0
0
0
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Budget Justification 
University of Michigan 
 
A.  Senior Personnel 
Eran Pichersky, Principal Investigator, will be working on this project throughout the year 
(0.4 academic months and 1.0 summer month).  Dr. Pichersky will be involved in designing the 
biochemical experiments at the University of Michigan and will supervise and train the other 
personnel involved in this project. 
 
B.  Other Personnel 
Funds are budgeted for one postdoc (12 calendar months) and one graduate student research 
assistant (7.5 calendar months).  Proportional tuition is described under “Other Direct Costs.”  
The postdoc and graduate student will work together on the isolation of new genes involved in 
the biosynthesis of specialized plant compounds and the characterization of the enzymes that 
they encode. 
 
C.  Fringe Benefits 
Fringe benefits for the University of Michigan personnel are based on real costs.  These costs 
vary depending on the suite of benefits selected but typically include FICA, health and dental 
insurance, and contributions to a retirement plan. 
 
E.1  Travel (Domestic) 
Reporting scientific results is an important activity.  We are requesting $1,500 per year to 
partially defray the cost.  Travel by the PI is covered from his endowed chair, so no funding is 
requested for the PI.  The PI’s funds will also be used to partially defray the cost of participation 
in meetings for other lab members.  The graduate student and postdoc will take turns attending a 
national meeting every year.  The national meetings that we plan to participate in are those 
hosted by the American Society of Plant Biology or the Phytochemical Society of North 
America. 
 
G.  Other Direct Costs 
 
Funds are requested for materials and supplies necessary for the research.  These funds will 
cover the cost of plant growing supplies, LC/MS reagents, GC/MS reagents, chemicals and 
radiochemicals, sequencing, oligonucleotides, molecular biology kits (cloning, DNA preps, etc.) 
and protein purification reagents. 
Materials and Supplies 
 
Funds are requested for tuition expenses of the graduate student research assistant for 1 term 
per year.  The remaining graduate student effort will be during the summer when no tuition is 
needed. 
Other Direct Costs 
 
I.  Indirect Costs 
The indirect cost rate is 54.5% of modified total direct costs, which excludes tuition.  This is 
the same rate that was in effect at the time of initial award. 
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6YEAR
6
University of New Mexico
Abhaya
Abhaya
 H
 H
 Datye
 Datye
Abhaya K Datye - PI  0.00  0.00  0.40 6,835
Hien Pham - Research Asst. Professor  6.00  0.00  0.00 18,246
   0   0.00   0.00   0.00        0
2  6.00  0.00  0.40      25,081
1 9.00 0.00 0.00 31,878
0 0.00 0.00 0.00 0
0 0
1 11,280
0 0
0 0
     68,239
16,342
     84,581
         0
4,500
0
0
0
0
0
0          0
15,669
0
0
0
0
0
     15,669
    104,750
52,375
Modified Total Direct Costs (Rate: 50.0000, Base: 104750)
    157,125
0
    157,125
0
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SUMMARY
PROPOSAL BUDGET
Funds
Requested By
proposer
Funds
granted by NSF
(if different)
Date Checked Date Of Rate Sheet Initials - ORG
NSF Funded
Person-months
fm1030rs-07
FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)
Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR
1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL SCHOLARS
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2.  FOREIGN
F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS
H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS                           
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
ORG. REP. NAME*
 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET
 
Cumulative
C
University of New Mexico
Abhaya
Abhaya
 H
 H
 Datye
 Datye
Abhaya K Datye - PI  0.00  0.00  0.40 6,835
Hien Pham - Research Asst. Professor  6.00  0.00  0.00 18,246
 0.00  0.00  0.00 0
2  6.00  0.00  0.40      25,081
1 9.00 0.00 0.00 31,878
0 0.00 0.00 0.00 0
0 0
1 11,280
0 0
0 0
     68,239
16,342
     84,581
         0
4,500
0
0
0
0
0
0          0
15,669
0
0
0
0
0
     15,669
    104,750
52,375
 
    157,125
0
    157,125
0
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Budget Justification 
University of New Mexico 
 
A.  Senior Personnel 
Ten days of summer salary is allocated for the PI, Dr. Abhaya Datye.  Salary is also allocated 
for Dr. Hien Pham, a Research Scientist, at 50% FTE. 
 
B.  Other Personnel 
Under the mentorship of the PI and Dr. Pham, a postdoc (9 person-mos.) and an 
undergraduate student ($10/hr @ 20 hrs/wk) will design and execute experiments for this 
project, perform data analyses, and write papers to present research findings. 
 
C.  Fringe Benefits 
As defined in the University of New Mexico Fringe Benefit Rates on Proposals effective as 
of May 17, 2010:  Faculty (summer salary), 19.4%; Faculty and Staff (research scientist) 0.5 
FTE and above, 32.5%; Postdoc, 25.1%; and Undergraduate student, 1%. 
 
E.1  Travel (Domestic) 
Budgeted costs include 2 trips for the PI, 1 for Dr. Pham, and 1 for the student to attend 
either scientific meetings and/or annual meetings of the center (including the site visit in May 
and a working meeting in the Fall). 
 
G.  Other Direct Costs 
 
Included here are costs of research supplies (compressed gases, chemicals, reagents, etc.) and 
analyses such as SEM, TEM, XPS, XRD, and Quantachrome. 
Materials and Supplies 
 
I.  Indirect Costs 
The indirect cost rate is 50.0% of the modified total direct cost base.  This is the same rate 
that was in effect at the time of initial award. 
 
M.  Cost Sharing 
As documented in the center’s third year renewal proposal, in-kind cost sharing will be 
provided in Years 6-8 in the form of the PI’s time (salary plus the corresponding fringe benefits 
and indirect costs). Equivalent amounts are $29,552 in Year 6, $29,472 in Year 7, and $29,250 in 
Year 8, for a total of $88,274. 
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SUMMARY
PROPOSAL BUDGET
Funds
Requested By
proposer
Funds
granted by NSF
(if different)
Date Checked Date Of Rate Sheet Initials - ORG
NSF Funded
Person-months
fm1030rs-07
FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)
Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR
1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL SCHOLARS
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2.  FOREIGN
F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS
H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS                           
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
ORG. REP. NAME*
 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET
 
6YEAR
6
University of Virginia Main Campus
Robert
Robert
 H
 H
 Davis
 Davis
Robert J Davis - PI  1.00  0.00  0.00 17,723
Matthew Neurock - Co-PI  1.00  0.00  0.00 16,877
   0   0.00   0.00   0.00        0
2  2.00  0.00  0.00      34,600
0 0.00 0.00 0.00 0
0 0.00 0.00 0.00 0
4 81,054
1 4,134
0 0
0 0
    119,788
9,327
    129,115
         0
8,900
0
0
0
0
0
0          0
33,200
0
0
0
0
65,469
     98,669
    236,684
92,566
Modified Total Direct Costs (Rate: 51.5000, Base: 179740)
    329,250
0
    329,250
0
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SUMMARY
PROPOSAL BUDGET
Funds
Requested By
proposer
Funds
granted by NSF
(if different)
Date Checked Date Of Rate Sheet Initials - ORG
NSF Funded
Person-months
fm1030rs-07
FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)
Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR
1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL SCHOLARS
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2.  FOREIGN
F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS
H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS                           
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
ORG. REP. NAME*
 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET
 
Cumulative
C
University of Virginia Main Campus
Robert
Robert
 H
 H
 Davis
 Davis
Robert J Davis - PI  1.00  0.00  0.00 17,723
Matthew Neurock - Co-PI  1.00  0.00  0.00 16,877
 0.00  0.00  0.00 0
2  2.00  0.00  0.00      34,600
0 0.00 0.00 0.00 0
0 0.00 0.00 0.00 0
4 81,054
1 4,134
0 0
0 0
    119,788
9,327
    129,115
         0
8,900
0
0
0
0
0
0          0
33,200
0
0
0
0
65,469
     98,669
    236,684
92,566
 
    329,250
0
    329,250
0
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Budget Justification 
University of Virginia 
 
A.  Senior Personnel 
Salary support (9.09% effort 11 mos.) is requested for the PI, Dr. Bob Davis, who serves as 
Thrust 3 Leader and directs the research being performed at the University of Virginia. Salary 
support (9.09% effort 11 mos.) is also requested for the Co-PI, Dr. Matt Neurock.  Together, 
they will supervise graduate and undergraduate student researchers working on the project, 
prepare technical reports, and collaborate with other center colleagues on thrust and testbed 
activities. 
 
B.  Other Personnel 
Under the mentorship of the PI and Co-PI, four graduate research assistants and one 
undergraduate research assistant will help design and execute experiments, perform data 
analyses, and write papers to present research findings. 
 
C.  Fringe Benefits 
Faculty @ 26.3% of salary; undergraduate students @ 5.5% of wages. Benefits for graduate 
students are described under “Other” below. 
 
E.1  Travel (Domestic) 
Budgeted costs are for trips by the PI, Co-PI and graduate student researchers to attend 
national technical meetings to present research results. Also included are the Co-PI’s and 
students’ costs to attend the annual meetings of the center (the site visit in May and working 
meeting in the Fall). 
 
G.  Other Direct Costs 
 
Materials and Supplies 
Budgeted costs for research materials and supplies include compressed gases, chemicals, 
reagents, glassware, parts and supplies for the experimental apparata,  and analyses such as 
SEM, TEM, XPS, and XRD. 
 
Other 
Included here are health insurance costs and in-state tuition remission for the graduate 
students as well as copying and communication expenses. 
 
I.  Indirect Costs 
The indirect cost rate is 51.5% of Modified Total Direct Costs.  This is the same rate that was 
in effect at the time of initial award. 
 
M.  Cost Sharing 
As documented in the Center’s third year renewal proposal, the University of Virginia will 
provide cost sharing in the amount of $58,850 per year for years 6, 7 and 8 for a total of 
$176,550.  This cost sharing will cover equipment, students, etc. 
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SUMMARY
PROPOSAL BUDGET
Funds
Requested By
proposer
Funds
granted by NSF
(if different)
Date Checked Date Of Rate Sheet Initials - ORG
NSF Funded
Person-months
fm1030rs-07
FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)
Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR
1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL SCHOLARS
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2.  FOREIGN
F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS
H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS                           
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
ORG. REP. NAME*
 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET
 
6YEAR
6
University of Wisconsin-Madison
James
James
 A
 A
 Dumesic
 Dumesic
James A Dumesic - PI  0.00  0.00  0.50 11,203
Robert P Anex - Co-PI  0.00  0.00  1.00 15,556
   0   0.00   0.00   0.00        0
2  0.00  0.00  1.50      26,759
0 0.00 0.00 0.00 0
0 0.00 0.00 0.00 0
3 76,819
0 0
0 0
0 0
    103,578
32,481
    136,059
46,845$Reactor and analytical equipment
     46,845
5,200
0
0
0
0
0
0          0
12,465
0
0
0
0
22,000
     34,465
    222,569
74,556
Modified Total Direct Costs (Rate: 48.5000, Base: 153724)
    297,125
0
    297,125
0
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SUMMARY
PROPOSAL BUDGET
Funds
Requested By
proposer
Funds
granted by NSF
(if different)
Date Checked Date Of Rate Sheet Initials - ORG
NSF Funded
Person-months
fm1030rs-07
FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)
Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR
1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL SCHOLARS
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2.  FOREIGN
F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS
H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS                           
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
ORG. REP. NAME*
 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET
 
Cumulative
C
University of Wisconsin-Madison
James
James
 A
 A
 Dumesic
 Dumesic
James A Dumesic - PI  0.00  0.00  0.50 11,203
Robert P Anex - Co-PI  0.00  0.00  1.00 15,556
 0.00  0.00  0.00 0
2  0.00  0.00  1.50      26,759
0 0.00 0.00 0.00 0
0 0.00 0.00 0.00 0
3 76,819
0 0
0 0
0 0
    103,578
32,481
    136,059
46,845$
     46,845
5,200
0
0
0
0
0
0          0
12,465
0
0
0
0
22,000
     34,465
    222,569
74,556
 
    297,125
0
    297,125
0
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Budget Justification 
University of Wisconsin, Madison 
 
A.  Senior Personnel 
James Dumesic, Ph.D. (0.5 summer months, 4% Effort) 
Robert Anex, Ph.D. (1.0 summer months, 9% Effort) 
 
B.  Other Personnel 
2.75 Graduate Students (Research Assistants):  To be appointed. 
 
C.  Fringe Benefits 
Fringe benefit rates are as follows:  Faculty - 41.0%; Graduate student research assistant - 28%. 
 
D.  Equipment 
We request funds to purchase reactor and analytical equipment to enable chemical reaction 
kinetics studies in the Dumesic group to implement catalytic processes that are part of testbeds 
that span Thrusts 1, 2, and 3. These reactors will include batch and/or continuous flow reactors, 
as appropriate for the testbed under consideration. Analytical equipment will include GC and/or 
HPLC systems, as appropriate for the testbed under consideration. The amount requested is 
$46,845. 
 
E.1  Travel (Domestic) 
Travel funds are requested for Drs. Dumesic and Anex to attend CBiRC annual meetings (site 
visit and Fall working meeting) as well as to attend national meetings (e.g., ACS, AIChE) for the 
timely presentation of research results and for interaction with the scientific community and 
other PI’s to obtain feedback on experiments.  The amount requested is $5,200. 
 
G.  Other Direct Costs 
 
Materials and Supplies 
Funds are requested for research supplies required to conduct experimental work in the Dumesic 
research group. These funds will be used to purchase such materials and supplies as gases, 
chemical reagents, organic solvents, liquid nitrogen, glassware, valves and fittings, stainless steel 
tubing and connectors, gas regulators, and mass-flow controllers. The amount requested is 
$12,465. 
 
Other 
These funds cover tuition expenses for the graduate students on the project at $8,000 per year 
(prorated for fractional appointments). 
 
I.  Indirect Costs 
The indirect cost rate is 48.5% of Modified Total Direct Costs.  This is the same rate that was in 
effect at the time of initial award. 
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M.  Cost Sharing 
The 15% cost share of $45,684/year for years 6-8, or a total of $137,052, will be met by Dr. 
James Dumesic’s academic research effort. The availability and source of these funds is 
provided annually to the University of Wisconsin-Madison in support of the faculty’s academic 
salary by the State of Wisconsin, which is a non-federal funding source. Dr. James Dumesic will 
contribute 1.0 month academic research effort in-kind per year during years 6-8.  Equivalent 
amounts include salary and associated fringe benefits and indirect costs. 
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SUMMARY
PROPOSAL BUDGET
Funds
Requested By
proposer
Funds
granted by NSF
(if different)
Date Checked Date Of Rate Sheet Initials - ORG
NSF Funded
Person-months
fm1030rs-07
FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)
Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR
1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL SCHOLARS
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2.  FOREIGN
F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS
H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS                           
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
ORG. REP. NAME*
 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET
 
6YEAR
6
William Marsh Rice University
Ka-Yiu
Ka-Yiu
 San
 San
Ka-Yiu San - PI  0.00  0.00  1.00 17,443
Ramon Gonzalez - Co-PI  0.00  0.00  1.00 13,889
   0   0.00   0.00   0.00        0
2  0.00  0.00  2.00      31,332
2 18.00 0.00 0.00 59,000
0 0.00 0.00 0.00 0
3 63,000
0 0
0 0
0 0
    153,332
49,255
    202,587
         0
3,000
0
0
0
0
0
0          0
31,149
515
0
0
0
0
     31,664
    237,251
111,824
Modified Total Direct Costs (Rate: 52.5000, Base: 212998)
    349,075
0
    349,075
0
Barbara Neese
CBiRC Fifth Annual Report
Volume I 290 April 10, 2013
SUMMARY
PROPOSAL BUDGET
Funds
Requested By
proposer
Funds
granted by NSF
(if different)
Date Checked Date Of Rate Sheet Initials - ORG
NSF Funded
Person-months
fm1030rs-07
FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)
Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR
1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL SCHOLARS
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2.  FOREIGN
F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS
H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS                           
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
ORG. REP. NAME*
 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET
 
Cumulative
C
William Marsh Rice University
Ka-Yiu
Ka-Yiu
 San
 San
Ka-Yiu San - PI  0.00  0.00  1.00 17,443
Ramon Gonzalez - Co-PI  0.00  0.00  1.00 13,889
 0.00  0.00  0.00 0
2  0.00  0.00  2.00      31,332
2 18.00 0.00 0.00 59,000
0 0.00 0.00 0.00 0
3 63,000
0 0
0 0
0 0
    153,332
49,255
    202,587
         0
3,000
0
0
0
0
0
0          0
31,149
515
0
0
0
0
     31,664
    237,251
111,824
 
    349,075
0
    349,075
0
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Budget Justification 
William Marsh Rice University 
 
A.  Senior Personnel 
Summer salaries are requested for Ka-Yiu San and Ramon Gonzalez (about one month each). 
 
B.  Other Personnel 
Support for 2.5 graduate students and 1.5 postdoctoral associates is also requested. Two 
graduate students (Maria Rodriguez-Moya and Seokjung Cheong) and half-time postdoctoral 
fellow (Jacob Vick) will work on the synthesis of chemicals through a malonyl-CoA-
independent pathway and the integration of systems biology tools into the metabolic engineering 
cycle. 
A postdoctoral fellow (Wei Li) and a graduate student (SongI Han) will be involved in the strain 
construction and characterization of efficient E. coli strains for the production of carboxylic 
acids. 
 
C.  Fringe Benefits 
Fringe benefits are charged at the currently approved and anticipated rates:  26.5% for 
faculty, 28.3% for staff, and 38.5% for graduate students. 
 
E.1  Travel (Domestic) 
Travel funds ($3,000) are requested to attend the Center-related meetings (NSF site visit in 
May and a working meeting in October). 
 
G.  Other Direct Costs 
 
A total of $31,149 for both labs is requested. Cost estimates are based on current prices and 
anticipated use. Glassware and chemicals are for the preparation and storage of buffers, media, 
etc. Enzymes such as restriction endonucleases, DNA ligase, PCR DNA polymerases, etc., are 
mainly for use in the preparation and analysis of DNA. Sequencing services will be used to 
confirm the genetic constructs (strains and plasmids). Synthetic DNA services are needed to 
synthesize genes based on known or optimized DNA sequence. Protein standards are needed for 
calibration of assays and molecular weight estimation. Bacteria growth media, agar, 
supplements, and antibiotics are used in the selection of specific strains and growth of cultures 
for isolation of enzymes and characterization studies. Plastic petri dishes are used for selection 
and testing of bacterial colonies. Because electrophoresis is used in many separation procedures, 
supplies such as agarose, acrylamide, SDS and buffers are a significant item. In the case of 
unlabeled DNA (mapping and isolation gels), the gels are stained and photographed using a 
computer imaging (Doc-it) system using a UV box for illumination. This and other imaging and 
computer supplies for making illustrations and analyzing data are needed. Chromatography 
supplies such as resins and columns are used in the isolation and characterization of metabolic 
products by HPLC, GC and GC/MS. Gases are needed for running the GC and GC/MS. 
Although price quotes reduce the costs of some items significantly below catalog prices (film, 
label, media, plasticware), the costs of these items still contribute significantly to the overall 
supply budget. 
Materials and Supplies 
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 A total of $515 is requested to cover publication costs (journal publications, poster 
preparation, etc.) related to the project. 
Publication Costs 
 
I.  Indirect Costs 
The indirect cost rate is 52.5% of modified total direct costs (MTDC).  This is the same rate 
that was in effect at the time of initial award. 
 
M.  Cost Sharing 
As documented in the Center’s third year renewal proposal, in-kind cost sharing will be 
provided in the form of 1 month of academic year time for each PI plus the corresponding fringe 
benefits and indirect costs. This corresponds to an amount of $49,748 per year and a grand total 
of $149,243 for years 6 through 8. 
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 APPENDIX I.  GLOSSARY AND ACRONYMS 
 
Provided below is a list of acronyms used in the annual report and their associated meanings. 
 
Symbol Definition/Meaning 
2-D DIGE  2-D Fluorescence Difference Gel Electrophoresis  
AACT Acetoacetyl-CoA Synthetases 
ACC Acetyl-CoA Carboxylase 
AcCbx Acyl-CoA Carboxylases 
ACP Acyl Carrier Protein 
ACS Acetyl-CoA/Propionyl-CoA Synthetases 
AEA Area Education Agency 
BRL Biorenewables Research Laboratory 
CAZy Carbohydrate Active EnZyme database 
CBiRC NSF Engineering Research Center for Biorenewable Chemicals 
CELT Center for Excellence in Learning and Teaching, ISU 
CIPP Context, Input, Process, and Product 
CoASH Cofactor Coenzyme A 
DHMTHF Dihydroxymethyltetrahydrofuran 
DMF Dimethylfuran 
DSMPSD Des Moines Public School District 
DTU Technical University of Denmark 
ERC Engineering Research Center 
EFRI Emerging Frontiers in Research and Innovation, an NSF program 
FAS Fatty Acid Synthase 
FOSS Full Options Science Systems 
GC Gas Chromatography 
GC-MS Gas Chromatography – Mass Spectrometry 
Gen-3 The ERC Class of 2008, otherwise known as Generation 3 
GK12 Graduate STEM Fellows in K-12 Education, an NSF program 
HMF 5-hydroxymethyl-2-furfural 
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 HMTHP 2-(hydroxymethyl)tetrahydropyran 
HPLC High Pressure Liquid Chromatography 
I Industrial Advisory Board 
ILO Industrial Liaison Officer (also known as Innovation Director) 
IP Intellectual Property 
ISU Iowa State University 
KAS III 3-ketoacyl synthetase III 
KS Ketosynthase 
LCA Life Cycle Assessment/Analysis 
LT Leadership Team 
MFA Metabolic Flux Analysis 
MKS Methylketone Synthase 
MSI Minority Serving Institution 
NCTAF National Commission on Teaching and America’s Future 
NOBCChE National Organization for Black Chemists and Chemical Engineers 
NSF National Science Foundation 
NSTA National Science Teacher Association 
PCR Polymerase Chain Reaction 
PIRE Partnerships in International Research and Education, an NSF program 
PKS Polyketide Synthase 
RET Research Experience for Teachers 
REU Research Experience for Undergraduates 
RISE Research Institute for Studies in Education 
SAB Scientific Advisory Board 
SELEX High Throughput Strategies based on Evolutionary Methods 
SIMKS2 Methylketone Synthase Gene 
SLC Student Leadership Council 
SWOT Strengths, Weaknesses, Opportunities, Threats 
TE Thioesterase 
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 TEA Techno-Economic Analysis 
TLT Technical Leadership Team 
UCI University of California - Irvine 
U-NM University of New Mexico 
UPLC Ulta-high Pressure Liquid Chromatography 
UVa University of Virginia 
VEC Virtual Education Center 
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Iowa State University 
 
Center for Biorenewable Chemicals (CBiRC) 
 
Full Member Agreement 
 
 
This Agreement is made _______________ (“Effective Date”) by and among Iowa State University of 
Science and Technology (“ISU”) located at 1138 Pearson Hall, Ames, IA 50011-2207 through and on behalf 
of the members of its Center for Biorenewable Chemicals (“CBiRC”), each company that participates as a full 
member and signs a copy of this Agreement (“Full Member”), and the Cooperators defined below. ISU, Full 
Members and Cooperators together are the “Parties” and ISU, each Full Member, and each Cooperator are 
each a “Party”. 
 
WHEREAS, ISU is the recipient of funding from the National Science Foundation (“NSF”) and has joined 
together with committed subrecipient entities including the Regents of the University of New Mexico, The 
Rector and Visitors of the University of Virginia, the University of California-Irvine, University of Wisconsin-
Madison, and Rice University (individually a “Cooperator”; in any combination “Cooperators”) to establish 
the Center for Biorenewable Chemicals (“CBiRC”), an NSF Engineering Research Center (“NSF ERC”), at 
ISU for the purpose of developing a platform to produce commodity and specialty chemicals from renewable 
carbon; and 
 
WHEREAS, ISU, Full Member, and Cooperators desire to participate in certain CBiRC activities; 
 
NOW, THEREFORE, ISU, Full Member, and Cooperators hereby agree to the following terms and 
conditions. 
 
1. CBiRC 
1.1  The CBiRC shall be implemented, managed, and administered by designated faculty and staff at ISU and 
within CBiRC. At the discretion of the CBiRC director, any organization may become a Full Member of 
CBiRC, and additional Cooperators, Strategic Members and Full Members (as defined below) may be 
added at any time. 
 
1.2 The CBiRC shall have an Industrial Advisory Board (the “IAB”) composed of one representative from 
each Full Member and each Strategic Member. The function of the IAB shall be to provide advice to the 
CBiRC consistent with the aims of the NSF ERC program, including guidance on strategic direction, 
research activities, education programs and technology transfer efforts. The meeting logistics and other 
operating procedures of the IAB shall be determined outside of this Agreement.  
 
2. Membership 
2.1 A Full Member is a company that signs this Agreement and makes a payment in accordance with the 
following schedule.  
2.1.1 $50,000 for a company with at least 500 employees, or 
2.1.2 $25,000 for a company with less than 500 and more than 60 employees, or  
2.1.3 $5,000 for a company that has less than 61 employees and more than 10, or 
2.1.4 $1,000 for a company that has not completed an IPO and has less than 11 employees. 
 
2.2 A “Strategic Member” is a company that signs a strategic member Agreement which would be 
substantially in the form of this Agreement except for membership fees, which may be cash and/or in-
kind payments and intellectual property rights. 
 
2.3 The CBiRC Director shall have discretion to make exceptions to this Article 2. 
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2.4 Payment shall be made within thirty (30) days after the execution of this Agreement. This Agreement 
shall be the invoice for the first year of being a Full Member. Full Member shall be invoiced on or about 
the Effective Date each year thereafter. Payment is due within thirty days (30) of Effective Date of each 
subsequent year or receipt of invoice by ISU, whichever is later. Payment shall be sent by Full Member to 
Sponsored Programs Accounting Office, 3609 Admin. Services Building, Iowa State University, Ames, 
Iowa 50011-3609 and made payable to ISU (stub should state “CBiRC Full Membership”). Full Member 
status shall expire if renewal payment(s) is not made in accordance with this Article 2.  
 
2.5 A Full Member may terminate the Agreement by giving ninety (90) days written notice of such 
termination. Dues paid or accrued prior to termination will not be refunded. A Full Member shall be 
entitled to the rights expressly set forth in this Agreement, including but not limited to, representation of 
the Full Member on the IAB as set forth in Article 1 and the rights set forth in Article 3. 
 
3. Publication and Intellectual Property 
3.1  The Parties acknowledge and agree that the goals of the CBiRC may be met by both public disclosure of 
results of CBiRC project activities (“Results”) and by protection of patentable subject matter arising or 
resulting from CBiRC project activities (“Inventions”). Notwithstanding anything to the contrary in this 
Agreement, ISU and/or Cooperators shall have the unrestricted right to publicly disclose the Results 
developed under this Agreement. With consideration of the advice and guidance of the IAB, ISU and 
Cooperators shall reasonably endeavor to balance the timely publication of results with the need to seek 
protection for Inventions. The Parties shall implement a confidentiality agreement promptly upon 
execution of this Agreement, and shall implement other agreements or procedures as needed, to facilitate 
timely review of Results for patentability and for prevention of patent bars caused by premature 
disclosures. 
 
3.2 All Inventions created by an investigator(s) of ISU and/or Cooperators under CBiRC projects shall vest 
with the employer or designated assignee of such investigator(s).  Inventorship shall be determined in 
accordance with U.S. law. Prosecution and licensing of Inventions shall be conducted by the Cooperator 
with which an inventor is associated, or such Cooperator’s designee. In the case of joint Inventions by 
investigators of different institutions, an inter-institutional agreement will be reached – with terms and 
conditions consistent with this Agreement – regarding the management of such joint Inventions and the 
sharing of value therein.  
 
3.3 Subject to the terms and conditions of this Agreement, Full Member shall have a non-exclusive, non-
commercial, royalty-free license under ISU and/or Cooperator(s) Inventions or joint Inventions created 
during the time that Full Member is in paid-up status under this Agreement to use such Inventions for 
internal research and non-commercial use. Such license shall not include the right to make, use, or sell 
products or processes for commercial purposes or to sublicense. Subject to the terms and conditions of 
this Agreement, Full Member shall also have a right to negotiate a commercial, royalty-bearing license to 
make, use, and sell products and processes under such Inventions. This first right to negotiate shall 
extend for one hundred twenty (120) days after disclosure of the Invention to Full Member by ISU 
and/or Cooperator(s). If more than one Full Member of CBiRC requests a license within the same field 
of use, only a fee and/or royalty bearing, non-exclusive license shall be available for that field. If only one 
Full Member desires a license in a field of use, such Full Member shall have the right to negotiate for a 
fee and/or royalty bearing exclusive license in such field of use. Such licenses shall be consistent with 
industry standards and the objectives and mission of the CBiRC. The technology will not be licensed 
outside of the Full Members for a period of one hundred eighty (180) days after disclosure of the 
Invention to Full Member by ISU and/or Cooperator(s).  
 
3.4 At the end of such period of one hundred eighty (180) days, ISU and/or Cooperators shall have the right 
to grant licenses to non-Full Member third parties. For any licenses granted to non-Full Member third 
parties, ISU and/or Cooperators shall make reasonable efforts in good faith to ensure that the terms and 
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conditions of such licenses shall be on terms no more favorable than terms and conditions offered to 
Full Members for similar licenses.  
 
3.5 The granting of fee and/or royalty bearing licenses to Full Member herein shall be subject to any third 
party rights or restrictions and to the payment of patent costs by Full Member. Full Member shall pay to 
the institution prosecuting the relevant Invention(s) its proportional share, divided equitably among 
licensees, of patent costs of the Invention(s) for which Full Member has elected to take a license.  
 
3.6 EXCEPT AS OTHERWISE MAY BE EXPRESSLY SET FORTH IN THIS AGREEMENT, 
INVENTIONS ARE LICENSED “AS IS” WITHOUT ANY EXPRESS OR IMPLIED 
WARRANTIES WHATSOEVER.  ISU AND COOPERATORS MAKE NO REPRESENTATION, 
NOR EXTEND ANY WARRANTIES OF ANY KIND, EITHER EXPRESS OR IMPLIED, AND 
ASSUME NO RESPONSIBILITY WHATSOEVER WITH RESPECT TO USE, SALE, OR OTHER 
DISPOSITION BY FULL MEMBER OR ITS VENDEES OR OTHER TRANSFEREES OF 
PRODUCTS INCORPORATING OR MADE BY USE OF INVENTIONS LICENSED UNDER 
THIS AGREEMENT. 
 
4. Copyright 
Copyrightable materials created while working on CBiRC projects shall be owned and controlled by the 
author of such materials or his/her designee. 
 
5. Use of Names 
Except as required by law, no party shall use the name, logos, marks, emblems and designs (“Mark”) of ISU, 
a Cooperator, Strategic Member, or Full Member in any publicity or advertisement, whether with respect to 
this Agreement or any other related matter, without the prior written approval of an authorized representative 
of the owner of the Mark. Acknowledgement of funding or participation in CBiRC in a factual statement shall 
not be considered to be publicity or an advertisement and shall not be restricted by this requirement. 
 
6.  Notices 
Any notices required or permitted to be given hereunder will be in English and will be in writing delivered by 
first class mail or facsimile to the following: 
 
Iowa State University 
Laura Carabillo 
Manager, Industry Contracts 
1138 Pearson Hall 
Ames, IA  50010 
515-294-5225 
lec@iastate.edu 
 
7.  Independent Parties 
For purposes of this Agreement, ISU, Cooperators, Full Members and Strategic Members shall be 
independent contractors, and none shall at any time be considered an agent or an employee of the other. No 
joint venture, partnership or like relationship is created among ISU, the Cooperators, Full Members or 
Strategic Members by this Agreement. 
 
8.  Indemnification 
Full Member shall indemnify, defend and hold Cooperators and ISU, including each of their trustees, Full 
Members and Strategic Members, officers, directors, employees, students, affiliates, inventors, and authors, 
harmless against any and all claims, proceedings, demands, liabilities, and expenses, including legal expenses 
and reasonable attorneys fees, arising out of the death of or injury to any person or persons or out of any 
damage to property and against any other claim, proceeding, demand, expense and liability of any kind 
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resulting from Full Member’s activities under this Agreement, use of results of this Agreement, and/or the 
production, manufacture, sale, use, lease, consumption or advertisement of products of Full Member and/or 
its affiliates arising from any license right of Full Member hereunder. 
 
9.  Entire Agreement 
This Agreement sets forth the entire understanding among the Parties with respect to the subject matter 
hereto and supersedes all previous agreements written or otherwise.  This Agreement may be amended only 
in writing by an authorized signatory on behalf of the Parties.  
 
10.  Signatures  
This Agreement may be executed in any number of counterparts, including facsimile or scanned PDF 
documents.  Each such counterpart, facsimile or scanned PDF document shall be deemed an original 
instrument, and all of which, together, shall constitute one and the same executed Agreement. 
    
Iowa State University of Science and Technology 
 
Agreed by 
 
__________________________________/_____________ 
Name: Brent Shanks       Date 
Title: Professor and Director, CBiRC 
 
Approved by 
 
__________________________________/_____________ 
Name: Laura Carabillo       Date 
Title: Manager of Industry Contracts 
 
 
Full Member Company: 
 
 
Approved by 
 
__________________________________/_____________ 
Name:           Date 
Title:    
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Iowa State University 
 
Center for Biorenewable Chemicals (CBiRC) 
 
Strategic Member Agreement 
 
 
This Agreement is made _______________ (“Effective Date”) by and among Iowa State University of 
Science and Technology (“ISU”) located at 1138 Pearson Hall, Ames, IA 50011-2207 through and on behalf 
of the members of its Center for Biorenewable Chemicals (“CBiRC”), each company that participates as a 
strategic member and signs a copy of this Agreement (“Strategic Member”), and the Cooperators defined 
below. ISU, Strategic Members and Cooperators together are the “Parties” and ISU, each Strategic Member, 
and each Cooperator are each a “Party”. 
 
WHEREAS, ISU is the recipient of funding from the National Science Foundation (“NSF”) and has joined 
together with committed subrecipient entities including the Regents of the University of New Mexico, The 
Rector and Visitors of the University of Virginia, the University of California-Irvine, University of Wisconsin-
Madison, and Rice University (individually a “Cooperator”; in any combination “Cooperators”) to establish 
the Center for Biorenewable Chemicals (“CBiRC”), an NSF Engineering Research Center (“NSF ERC”), at 
ISU for the purpose of developing a platform to produce commodity and specialty chemicals from renewable 
carbon; and 
 
WHEREAS, ISU, Strategic Member, and Cooperators desire to participate in certain CBiRC activities; 
 
NOW, THEREFORE, ISU, Strategic Member, and Cooperators hereby agree to the following terms and 
conditions. 
 
1. CBiRC 
1.1  The CBiRC shall be implemented, managed, and administered by designated faculty and staff at ISU and 
within CBiRC. At the discretion of the CBiRC director, any organization may become a Strategic 
Member of CBiRC, and additional Cooperators, Strategic Members and Full Members (as defined below) 
may be added at any time.  
 
1.2 The CBiRC shall have an Industrial Advisory Board (the “IAB”) composed of one representative from 
each Strategic Member and each Full Member. The function of the IAB shall be to provide advice to the 
CBiRC consistent with the aims of the NSF ERC program, including guidance on strategic direction, 
research activities, education programs and technology transfer efforts. The meeting logistics and other 
operating procedures of the IAB shall be determined outside of this Agreement.  
 
2. Membership 
2.1 A Strategic Member is a company that signs this agreement and makes a cash or in-kind payment in 
accordance with the following schedule.  
2.1.1 $25,000 for a company with at least 500 employees, or 
2.1.2 $12,500 for a company with less than 500 and more than 60 employees, or  
2.1.3 $2,500 for a company with less than 61 employees and more than 10, or 
2.1.4 $500 for a company that has not completed an IPO and has less than 11 employees. 
 
2.2 A “Full Member” is a company that signs a full member Agreement which would be substantially in the 
form of this Agreement except for membership fees and intellectual property rights. 
 
2.3 The CBiRC Director shall have discretion to make exceptions to this Article 2. 
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2.4 Payment. 
2.4.1   If a cash payment is required, it shall be made within thirty (30) days after the execution of 
this Agreement. This Agreement shall be the invoice for the first year of being a Strategic 
Member. Strategic Member shall be invoiced on or about the Effective Date each year 
thereafter. Payment is due within thirty days (30) of Effective Date of each subsequent year 
or receipt of invoice by ISU, whichever is later. Payment shall be sent by Full Member to 
Sponsored Programs Accounting Office, 3609 Admin. Services Building, Iowa State 
University, Ames, Iowa 50011-3609 and made payable to ISU (stub should state “CBiRC 
Full Membership”). Strategic Member status shall expire if renewal payment(s) is not made 
in accordance with this Article 2. 
  
2.4.2  If an in-kind payment is required, its amount shall be determined by the CBiRC Director and 
the Strategic Member agreeing on the value of the in-kind contribution, taking fifty percent 
(50%) of this amount and applying it as payment toward the Strategic Member’s annual fee. 
 
2.5 A Strategic Member may terminate the Agreement by giving ninety (90) days written notice of such 
termination. Dues paid or accrued prior to termination will not be refunded. A Strategic Member shall be 
entitled to the rights expressly set forth in this Agreement, including but not limited to, representation of 
the Strategic Member on the IAB as set forth in Article 1 and the rights set forth in Article 3. 
 
3. Publication and Intellectual Property 
3.1  The Parties acknowledge and agree that the goals of the CBiRC may be met by both public disclosure of 
results of CBiRC project activities (“Results”) and by protection of patentable subject matter arising or 
resulting from CBiRC project activities (“Inventions”). Notwithstanding anything to the contrary in this 
Agreement, ISU and/or Cooperators shall have the unrestricted right to publicly disclose the Results 
developed under this Agreement. With consideration of the advice and guidance of the IAB, ISU and 
Cooperators shall reasonably endeavor to balance the timely publication of results with the need to seek 
protection for Inventions. The Parties shall implement a confidentiality agreement promptly upon 
execution of this Agreement, and shall implement other agreements or procedures as needed, to facilitate 
timely review of Results for patentability and for prevention of patent bars caused by premature 
disclosures. 
 
3.2 All Inventions created by an investigator(s) of ISU and/or Cooperators under CBiRC projects shall vest 
with the employer or designated assignee of such investigator(s).  Inventorship shall be determined in 
accordance with U.S. law. Prosecution and licensing of Inventions shall be conducted by the Cooperator 
with which an inventor is associated, or such Cooperator’s designee. In the case of joint Inventions by 
investigators of different institutions, an inter-institutional agreement will be reached – with terms and 
conditions consistent with this Agreement – regarding the management of such joint Inventions and the 
sharing of value therein.  
 
3.3 Strategic Members shall have no rights to use Inventions for internal research purposes without a license. 
  
3.4 Inventions will not be licensed outside of the Full Members for a period of one hundred eighty (180) 
days after disclosure of the Invention to Full Member by ISU and/or Cooperator(s). At the end of such 
period of one hundred eighty (180) days, ISU and/or Cooperators shall have the right to grant licenses to 
Strategic Members or third parties. For any licenses granted to non-Full Member third parties, ISU 
and/or Cooperators shall make reasonable efforts in good faith to ensure that the terms and conditions 
of such licenses shall be on terms no more favorable than terms and conditions offered to Full Members 
for similar licenses.  
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4. Copyright 
Copyrightable materials created while working on CBiRC projects shall be owned and controlled by the 
author of such materials or his/her designee. 
 
5. Use of Names 
Except as required by law, no party shall use the name, logos, marks, emblems and designs (“Mark”) of ISU, 
a Cooperator, Strategic Member, or Full Member in any publicity or advertisement, whether with respect to 
this Agreement or any other related matter, without the prior written approval of an authorized representative 
of the owner of the Mark. Acknowledgement of funding or participation in CBiRC in a factual statement shall 
not be considered to be publicity or an advertisement and shall not be restricted by this requirement. 
 
6.  Notices 
Any notices required or permitted to be given hereunder will be in English and will be in writing delivered by 
first class mail or facsimile to the following: 
 
Iowa State University 
Laura Carabillo 
Manager, Industry Contracts 
1138 Pearson Hall 
Ames, IA  50010 
515-294-5225 
lec@iastate.edu 
 
7.  Independent Parties 
For purposes of this Agreement, ISU, Cooperators, Strategic Members and Full Members shall be 
independent contractors, and none shall at any time be considered an agent or an employee of the other. No 
joint venture, partnership or like relationship is created among ISU, the Cooperators, Strategic Members or 
Full Members by this Agreement. 
 
8.  Indemnification 
Strategic Member shall indemnify, defend and hold Cooperators and ISU, including each of their trustees, 
Strategic Members and Full Members, officers, directors, employees, students, affiliates, inventors, and 
authors, harmless against any and all claims, proceedings, demands, liabilities, and expenses, including legal 
expenses and reasonable attorneys fees, arising out of the death of or injury to any person or persons or out 
of any damage to property and against any other claim, proceeding, demand, expense and liability of any kind 
resulting from Strategic Member’s activities under this Agreement, use of results of this Agreement, and/or 
the production, manufacture, sale, use, lease, consumption or advertisement of products of Strategic Member 
and/or its affiliates arising from any license right of Strategic Member hereunder. 
 
9.  Entire Agreement 
This Agreement sets forth the entire understanding among the Parties with respect to the subject matter 
hereto and supersedes all previous agreements written or otherwise.  This Agreement may be amended only 
in writing by an authorized signatory on behalf of the Parties.  
 
10.  Signatures  
This Agreement may be executed in any number of counterparts, including facsimile or scanned PDF 
documents.  Each such counterpart, facsimile or scanned PDF document shall be deemed an original 
instrument, and all of which, together, shall constitute one and the same executed Agreement. 
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Iowa State University 
 
Agreed by 
 
__________________________________/_____________ 
Name: Brent Shanks       Date 
Title: Professor and Director, CBiRC 
 
Approved by 
 
__________________________________/_____________ 
Name: Laura Carabillo       Date 
Title: Manager of Industry Contracts 
 
 
Strategic Member Company: 
 
 
Approved by 
 
__________________________________/_____________ 
Name:           Date 
Title:    
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MUTUAL CONFIDENTIAL DISCLOSURE AGREEMENT 
 
 This Agreement is effective as of the date of the last signature to this Agreement and is by and 
between The Iowa State University of Science and Technology NSF Engineering Research Center for 
Biorenewable Chemicals, located at 138 Pearson, Ames, Iowa 50011, USA (“CBiRC”), and [insert 
Company ID], with offices at [insert Company address] (“Company”) (Company and CBIRC, each a 
Party and together the “Parties”). 
 
 WHEREAS, Company and CBiRC have previously entered into a membership agreement and 
confidentiality agreement, as part of Company’s membership in CBiRC, and 
 
 WHEREAS, Company and CBIRC, through its Director of Industrial Collaboration, and 
principal investigators are interested in research and development discussions to be conducted outside 
of the CBiRC membership agreement and  that are proprietary to the Parties (the “Purpose” of 
Disclosure) and may require Company and CBIRC to disclose to each other proprietary and 
confidential information concerning the following (the “Project”): [Insert Project description that 
reasonably limits scope consistent with CBIRC/ISURF subject matter]. 
 
 NOW, THEREFORE, the Parties agree to the following terms and conditions: 
 
1. “Confidential Information” shall mean any and all information, know-how or data disclosed or 
provided by one Party to the other Party about the Project, whether disclosed or provided in oral, 
written, graphic, photographic, electronic or any other form, that is identified as confidential at the 
time of disclosure; provided that such information, know-how or data that is not first provided in 
written form shall be reduced to writing within thirty (30) days of initial disclosure; and further 
provided that all such written information, know-how or data initially disclosed or as reduced to 
writing shall be marked conspicuously as “Confidential.” Confidential Information shall not 
include information: 
 
a. that is or becomes generally known or available to the public without breach of this 
Agreement; 
b. that is known to the receiving Party at the time of disclosure, as evidenced by written records 
of the receiving Party; 
c. that is independently developed by the receiving Party, as evidenced by written records of the 
receiving Party; or 
d. that is disclosed to the receiving Party in good faith by a third party who has an independent 
right to such subject matter and information. 
2. Should the receiving Party be required by judicial or other governmental authority to disclose the 
disclosing Party’s Confidential Information, the receiving Party shall immediately inform and 
cooperate with disclosing Party in responding to such requirement in a manner that maintains the 
confidentiality of the disclosing Party’s Confidential Information to the maximum extent possible. 
 
3. The receiving Party agrees to hold in confidence all Confidential Information, to not disclose any 
Confidential Information to any third party, and to use Confidential Information solely for the 
Purpose of Disclosure.   
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4. Unless otherwise specified in writing, all Confidential Information remains the disclosing Party's 
property.  Upon request of the disclosing Party, the receiving Party agrees to return or destroy all 
Confidential Information received from the disclosing Party, except for one copy, which the 
receiving Party may keep solely to monitor its obligations under this Agreement. 
 
5. The Parties acknowledge that performance of this Agreement is subject to compliance with 
applicable Federal laws, rules, regulations and orders, including those that may relate to the export 
of technical data and equipment such as the International Traffic in Arms Regulations (“ITAR”) 
and/or the Export Administration Act/Regulations (“EAR”), as may be amended.  The Parties 
agree to comply with all applicable laws, rules, regulations and orders.  Neither Party shall export, 
directly or indirectly, any Confidential Information without first obtaining any required export 
license or government approval and, in the case of Confidential Information disclosed by CBIRC, 
without first obtaining the written consent of ISU’s Office for Responsible Research.  In the event 
any Confidential Information is export-controlled, the disclosing Party shall provide the receiving 
Party with written notice describing the nature of the export-controlled information and identify 
the controls that apply prior to its exchange.  A Party shall have the right to decline or limit the 
receipt of such material, and any task requiring receipt of such material. 
 
6. When requested by the receiving Party, the disclosing Party shall provide a non-confidential 
resume of Confidential Information prior to disclosure of the actual Confidential Information to 
enable the receiving Party to determine whether it will accept the Confidential Information.  Each 
Party has the right to refuse to accept any information under this Agreement.  
 
7. In providing Confidential Information hereunder, the Parties make no representation or warranty 
whatsoever, express or implied as to the Confidential Information or the use thereof or the fitness 
for any particular purpose nor shall the disclosing party incur any liability or obligation in respect 
of the Confidential Information it disclosed hereunder, except as may be specifically and expressly 
provided herein.  
 
8. This Agreement shall expire one (1) year from the Effective Date (“Expiration”). 
 
9. All Confidential Information shall be held confidential by the receiving Party for three (3) years 
after Expiration.  
 
10. Nothing contained in this Agreement shall be construed as an obligation to enter into any further 
agreement concerning the Project or Confidential Information, or as a grant of a license to the 
Confidential Information or to any patent or patent application existing now or in the future. 
 
11. This Agreement shall not be assignable or otherwise transferable by either Party without the 
consent of the other Party. 
 
Continued on next page. 
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12. Facsimile or pdf copies will be accepted by both parties as originals.   
 
IN WITNESS WHEREOF, the Parties hereto have caused this Agreement to be executed by their 
respective authorized representatives. 
 
Iowa State University of Science and Technology  
 
Approved by: 
 
By: ____________________/_________ _   By: ___________________/_______  
Name: Date  Name:   Date 
Title:     Title:   
 
 
Agreed to: 
 
By: ____________________/_________ _   By: ___________________/_______  
Name: Date  Name: Date 
Title:  Principal Investigator   Title: Principal Investigator 
 
 
By: ____________________/_________ _   By: ___________________/_______  
Name: Date  Name: Date 
Title:  Principal Investigator   Title: Principal Investigator 
 
 
By: ____________________/_________ _   By: ___________________/_______  
Name: Date  Name: Date 
Title:  Principal Investigator   Title: Principal Investigator 
 
 
 
 
Company: Name 
 
Authorized Company Official:   
 
By: ____________________ / _________  
Name: Date   
Title: 
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APPENDIX II.3.  ANIMAL AND/OR HUMAN SUBJECTS APPROVAL 
 
Since data have been/will be collected on the performance of CBiRC students (REU or regular) 
and RET and middle school summer academy participants, and these data have been/will be 
presented to the public through publications or invited talks at conferences, an IRB Human 
Subjects approval is provided (see attached).  Also provided is an IRB Human Subjects approval 
to include collection of data on Young Engineers. 
 
Several RISE evaluation protocols for CBiRC have been under continuing review or IRB 
modification, or are currently in the process of review, since February, 2012.  The IRB approval 
for the pre-college Young Engineers Program component of the CBiRC evaluation was recently 
renewed and will expire on 3/15/14. Additionally, RISE evaluation personnel recently changed, 
and approval for personnel changes was received from the ISU IRB on 3/28/2013. 
 
The CBiRC all-student survey is the major center-wide evaluation conducted by RISE for 
CBiRC.  This evaluation encompasses Iowa State University CBiRC students and postdoctoral 
research associates, as well as those at seven subawardee institutions.  The CBiRC all-student 
survey protocols were declared IRB exempt at ISU on 2/ 26/10; however, the IRB board 
requested that RISE seek the approval of extramural IRB boards before conducting the all-
student survey at partner institutions. RISE staff were actively involved in working with CBiRC 
partner institutions regarding their particular IRB guidelines for the CBiRC evaluation.  This 
included phone calls to IRB officials from the postdoctoral research associate in charge of IRB 
documentation, as well as emails with ISU documents explaining the CBiRC all-student survey 
to extramural IRB officials. 
 
As of March 8, 2011, RISE had gained approval to conduct the CBiRC all-student survey at five 
of the seven subawardee institutions: the University of Virginia, University of Wisconsin – 
Madison, the Salk Institute, the University of Michigan, and Rice University.  At Rice 
University, the CBiRC evaluation protocol underwent official IRB review and was found exempt 
(protocol number 11-090X; Rice federal-wide assurance number 00003890).  At the rest of the 
institutions, the IRB boards approved the study based upon pr eviously existing ISU 
documentation.  A pproval documentation for Wisconsin, Virginia and Michigan are on f ile at 
RISE and are in the form of PDF copies of email messages between extramural IRB officials and 
Karri Haen, RISE postdoctoral research associate at the time.  The Salk Institute IRB found the 
study to be exempt from IRB review and approval under 45 CFR 46.101 (b) Category (2).  IRB 
approval was not granted for the CBiRC all-student survey by the University of California-Irvine 
and the University of New Mexico. 
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Introduction
Iowa State University encourages active participation of university personnel in external activities that promote the 
university's mission, enhance professional skills, expand knowledge, and/or contribute to public service. At the same 
time, the university expects all employees to have an allegiance to the university and to conscientiously guard against 
possible adverse effects of their activities on the performance of their university duties and the reputation of the 
university. Possible adverse effects of these activities include, but are not limited to:
Failure to make decisions objectively and in the best interests of the university•
Inappropriate use of university or state resources•
Insufficient time and attention dedicated to university duties to perform them satisfactorily•
Activities or financial interests with the potential to lead to such adverse effects are termed "conflicts."
This policy provides a broad framework for understanding, disclosing and managing conflicts. Details of procedures for 
disclosing and managing specific types of conflicts are provided in the guidelines and policies linked at the end of this 
document. Included are guidelines related to:
Financial conflicts of interest (financial interests in, management roles in and consulting for external entities, as 
well as ownership of patents, patent applications and royalty rights)
•
Professional Activity Leave•
Service to government and professional associations•
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The Resources below include related policies dealing with conflicts of interest in procurement (conflict of interest 
vendors), nepotism, and consenting relationships.
The failure to perform university duties in a satisfactory manner, whether or not substantially related to an external 
activity or financial interest, is expected to be handled as a performance issue by the employee's supervisor. In the 
case of performance issues arising from activities covered by a conflict policy or guideline, performance management 
measures may be invoked in addition to any management required or recommended by the policies and guidelines.
This policy complies with federal and state law and Board of Regent policies and rules regarding all forms of conflicts. 
All university employees are required to comply with Iowa Code Chapters 68B and 71, Iowa Administrative Code 
Section 681, and the policies of the Board of Regents, State of Iowa. University employees receiving sponsored funds 
must also comply with the policies of their sponsoring agencies. The university must comply with federal circular OMB 
A110 which specifies that universities receiving federal funding must maintain a written and enforced policy on conflict 
of interest.
See the Resources section below for related laws, policies, and rules. 
top
Policy Statement
Iowa State University requires the disclosure, review/approval, and management of external activities or financial 
interests with the potential to interfere with one or more of the following:
Performance of Duties: University employees are expected to devote sufficient time and attention to their 
university duties to perform them conscientiously. An external activity with the potential to interfere with the 
employee's university duties is known as a conflict of commitment.
•
 
Objectivity: University employees are expected to be objective in the decisions they make while performing their 
university responsibilities. Financial or other personal considerations with the potential to compromise an 
employee's objectivity are known as conflicts of interest.
•
 
Appropriate Use of State Resources: State law prohibits the use of state resources, including the university 
name and trademarks, for personal benefit when such use is detrimental to the state or university.
•
All university employees are required to comply with this policy and the Procedures, Applications, and Guidance 
established for disclosure, approval, and management of conflicts of interest and commitment. 
top
Definitions
Conflict of Commitment: An external activity with the potential to reduce the time and attention an employee can 
devote to his/her university responsibilities, and thus negatively impact his/her performance of assigned university 
duties, constitutes a "conflict of commitment."
•
Conflict of Interest: Any external activity, significant financial interest or management role that has the potential to 
negatively impact objectivity in the execution of university duties is a "conflict of interest."
•
Consulting: The term "consulting" refers to professional services to a non-university entity that are not a part of 
the employee's position responsibilities.
•
External Activities: For the purposes of this policy, "external activities" means service and/or organized 
activities/employment which require a substantial and regular commitment of time, whether compensated or not, 
for a non-university entity. This term excludes scholarly activities undertaken as a part of the employee's position 
responsibilities.
•
Immediate Family Members: For purposes of this policy, an "immediate family member" refers to spouse and 
dependent children. Domestic partners shall be treated as spouses for purposes of this policy. The definition is 
different in policies related to nepotism and purchasing.
•
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Management Role: Management role refers to a position in a non-university entity with oversight over or 
responsibility for the entity's strategies and/or operations. Examples include director, scientific director, board 
member, line officer, etc.
•
Non-University Entity: The term "non-university entity" includes for-profit or not-for-profit entities outside of the 
university, such as corporations, companies, partnerships, sole proprietorships, associations and governmental 
entities (federal, state or local). The term excludes affiliated entities which act for the benefit of the university (such 
as the Board of Regents, Alumni Association, ISU Research Foundation, ISU Foundation or the like).
•
Professional Activity Leave: Supervisor-approved leave granted to faculty and P&S staff for external activity 
such as consulting.
•
Significant Financial Interest: A "significant financial interest" is any financial interest that has the potential to 
compromise an individual's objectivity. The dollar value that is considered "significant" for the purposes of this 
policy is determined by the relevant federal or state law, or agency policy. See the Procedures, Applications, and 
Guidance for dollar values specific to each situation. Significant financial interest includes, but is not limited to: 
•
Equity ownership or stock options. Excepted are equities held in retirement accounts or mutual funds.•
Sole proprietor, partner, owner or member of a partnership or limited liability for-profit entity (includes 
remuneration from private consulting activities).
•
Consulting substantially related to patented or patentable intellectual property in which the employee has an 
interest.
•
Consulting for an entity that has a financial interest in or sponsors the employee's university scholarly 
activities.
•
Ownership of, or rights held in, intellectual property or research materials (which may include rights to receive 
royalties), the value of which may be affected by the outcome of the employee's university activities. Excepted 
are intellectual property and research materials held by ISURF.
•
Any of the above applicable to the employee's spouse and/or dependent children.•
University Employee: University employees for the purposes of this policy include all full-time and part-time 
faculty, professional and scientific staff, merit staff, contract employees, graduate assistants, and post doctoral 
scholars. For the purposes of this policy those persons designated as emeritus faculty who receive sponsored 
funding through the university and those persons with uncompensated faculty rank, such as affiliates, 
collaborators, and visiting faculty are considered university employees; casual hourly employees are not 
considered university employees. The definition of employee is different for conflict of interest vendor and nepotism 
policies. See Resources below.
•
top
Disclosure of Conflicts
It is the responsibility of every university employee covered by this policy to fully disclose the nature and degree of 
conflicts of interest and conflicts of commitment, as defined above. The disclosures must be made prior to initiating the 
activity, annually, and whenever the employee's situation changes. The appropriate method of disclosure varies with 
the type of activity as described in the Procedures, Applications, and Guidance.
Management Plans
Management plans are required for external activities, significant financial interests and/or management roles with the 
potential to impair an employee's ability to perform his/her university duties responsibly and with integrity. The form and 
content of management plans vary depending on the nature of the financial interest or management role and the 
presumed risks. For some activities, disclosure and approval by the supervisor may be sufficient. Other activities 
require a written plan that describes the conflict; specifies the actions to be taken to manage, reduce, or eliminate the 
conflict; and defines the effective period of the plan.
Specific guidelines for when and how to develop management plans are described in the Procedures, Applications, 
and Guidance. All written plans must be reviewed and updated no less than annually for as long as the conflict exists.
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Disciplinary Actions
Failure to comply with this policy may result in sanctions or disciplinary actions in accordance with the Iowa State 
University misconduct policies and procedures. 
top
Procedures, Applications, and Guidance
The principles underlying disclosure and management, as described in this policy, are similar for a wide variety of 
types of conflict. However, because of the diversity of applicable federal and state laws and rules and funding agency 
policies, the precise mechanisms for disclosure and management vary depending on the type of conflict and the 
applicable laws, rules and policies.
For guidelines on the application of this Conflicts of Interest and Commitment policy to various types of conflict, see the 
online Procedures, Applications, and Guidance document. Included are:
General Application of the Conflict of Interest and Commitment Policy
Disclosures•
Review of Disclosures•
Retention of Disclosures•
Supervisory Responsibility•
Professional Activity Leave•
Use of Facilities•
Application of the Conflict of Interest and Commitment Policy in Specific Situations
Management Role and/or Significant Financial Interest•
Consulting•
Service to Government and Associations•
Multiple Interests or Roles•
Other Outside Employment•
Special Conditions in Sponsored Agreements•
See also the Frequently Asked Questions.
top
Resources
Links
Conflict of Interest website - Senior Vice President and Provost•
Procedures, Applications, and Guidance - Conflicts of Interest and Commitment [PDF]•
FAQ (Frequently Asked Questions) about the Conflict of Interest and Commitment (COIC) Policy [PDF]•
SVPP's 2012 Disclosure Instructions to Employees [PDF]•
SVPP's 2012 Disclosure Message to Administrative Officers [PDF]•
Conflict of Interest Vendors / Employees, Procurement (ISU Policy)•
Conflicts of Interest - Purchasing Department Guidelines•
Extension COIC Policy [PDF]•
Nepotism: Employment and Supervision of Immediate Family Members (§4.40, Regents Policy Manual)•
Consenting Relationships (ISU Policy)•
Conflict of Interest – Duty of Loyalty (§4.40, Regents Policy Manual)•
Government Ethics and Lobbying Act (Iowa Code Chapter 68B)•
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Office for Responsible Research•
Copyright © 1995-2013, Iowa State University of Science and Technology. All rights reserved.
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Conflict of Interest (COI) Management Plan 
NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) 
 
Introduction 
Iowa State University encourages active participation of university personnel in external 
activities that promote the university's mission, enhance professional skills, expand knowledge, 
and/or contribute to public service. At the same time, the university expects all employees to 
have an allegiance to the university and to conscientiously guard against possible adverse effects 
of their activities on the performance of their university duties and the reputation of the 
university. Possible adverse effects of these activities include, but are not limited to:  
• Failure to make decisions objectively and in the best interests of the university  
• Inappropriate use of university or state resources  
• Insufficient time and attention dedicated to university duties to perform them 
satisfactorily  
• Activities or financial interests with the potential to lead to such adverse effects are 
termed "conflicts."  
 
This policy provides a broad framework for understanding, disclosing and managing conflicts. 
Details of procedures for disclosing and managing specific types of conflicts are provided in the 
guidelines and policies linked at the end of this document. Included are guidelines related to:  
• Financial conflicts of interest (financial interests in, management roles in and consulting 
for external entities, as well as ownership of patents, patent applications and royalty 
rights)  
• Professional Activity Leave  
• Service to government and professional associations 
 
Policy 
Iowa State University requires the disclosure, review/approval, and management of external 
activities or financial interests with the potential to interfere with one or more of the following:  
• Performance of Duties: University employees are expected to devote sufficient time and 
attention to their university duties to perform them conscientiously. An external activity 
with the potential to interfere with the employee's university duties is known as a conflict 
of commitment.  
• Objectivity: University employees are expected to be objective in the decisions they 
make while performing their university responsibilities. Financial or other personal 
considerations with the potential to compromise an employee's objectivity are known as 
conflicts of interest.  
• Appropriate Use of State Resources: State law prohibits the use of state resources, 
including the university name and trademarks, for personal benefit when such use is 
detrimental to the state or university.  
 
All university employees are required to comply with this policy and the Procedures, 
Applications, and Guidance established for disclosure, approval, and management of conflicts of 
interest and commitment.  
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Disclosure of Conflicts  
It is the responsibility of every university employee covered by this policy to fully disclose the 
nature and degree of conflicts of interest and conflicts of commitment, as defined above. The 
disclosures must be made prior to initiating the activity, annually, and whenever the employee's 
situation changes. The appropriate method of disclosure varies with the type of activity as 
described in the Procedures, Applications, and Guidance (see Resources below).  
 
Management Plans  
Management plans are required for external activities, significant financial interests and/or 
management roles with the potential to impair an employee's ability to perform his/her university 
duties responsibly and with integrity. The form and content of management plans vary depending 
on the nature of the financial interest or management role and the presumed risks. For some 
activities, disclosure and approval by the supervisor may be sufficient. Other activities require a 
written plan that describes the conflict; specifies the actions to be taken to manage, reduce, or 
eliminate the conflict; and defines the effective period of the plan.  
 
Specific guidelines for when and how to develop management plans are described in the 
Procedures, Applications, and Guidance. All written plans (see below) must be reviewed and 
updated no less than annually for as long as the conflict exists. 
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ISU/CBiRC CONFLICT OF INTEREST (COI) MANAGEMENT PLAN 
 
 
Investigator’s Name:                            
 
Entity with which the Investigator desires to establish a relationship:                  
 
Reason for management plan (check all that apply): 
 Financial interest in an entity that engages in activities that overlap with the Investigator’s 
university/CBiRC responsibilities. 
 Management role in an entity that engages in activities that overlap with the Investigator’s 
university/CBiRC responsibilities. 
 Consulting activities for an entity that sponsors the Investigator’s university scholarly 
activities. 
 Consulting activities for an entity with a financial interest in the outcome of the 
Investigator’s scholarly activities. 
 Other (please specify): 
                                                                        
                                                                        
 
Effective period of this management plan (one year): 
Start Date                 End Date                 
 
Attendees: 
                                                    
                                                    
                                                    
 
Background on the Entity and the relationship of the employee to the Entity: 
 
Company Name:                                                               
 
Month/Year of incorporation:                                                
 
Company Location:                                                          
 
Founders:                                                                    
 
Investigator’s Role:                                                          
 
Other Company Officers:                                                          
 
About the Company: 
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1.  Protection of ISU Personnel under the Investigator’s Supervision 
Because university personnel (“Personnel”) under the supervision of the Investigator have the 
potential to be impacted by the Investigator’s involvement with the Entity, steps must be taken to 
protect them.  “Personnel” includes students, postdocs, technicians, visiting scientists, other 
support staff, etc., engaged in research or other activities under the Investigator’s supervision in 
his/her university role.   
 
Notification Requirements 
a) The Investigator is responsible for ensuring that all Personnel engaged in research or 
other activities under the Investigator’s supervision are notified of the relationship 
with the Entity, the existence of this management plan, and the names of the members 
of their COI Management Committee contacts, as provided below, for the Personnel 
to notify with any concerns.   
b) The Investigator’s notification to the Personnel shall occur within 30 days of the 
acceptance of this management plan and shall occur immediately upon the addition of 
new Personnel under the Investigator’s supervision.  The Investigator shall provide 
written notification to his/her COI Management Committee members of 
compliance with this notification requirement. 
c) In addition, the Investigator shall provide all ISU graduate students working in or for 
the Entity and their major professors a complete copy of Section 1 of this plan, no 
less than 30 days from the acceptance of this plan or the appointment of the student to 
a position in or for the Entity.   
d) Personnel under the Investigator’s supervision should notify the Chair of the COI 
Management Committee or the COI Management Committee Member from the 
Office of the VP for Research and Economic Development if they feel their 
involvement with the Entity (or their lack of involvement) in any way adversely 
affects their academic progress or employment status.   
 
Protections 
e) The Investigator’s relationship with the Entity may not place restrictions on the 
scholarly and research activity of the Personnel, including the ability to receive, 
analyze, or interpret data and to publish on the research and scholarly activity.   
f) The Entity cannot prevent or inhibit a student researcher from meeting the applicable 
degree requirements.   
g) The Investigator may not serve as the major or co-major professor for a graduate 
student who works in the Entity (are paid by) or for the Entity (such as on a grant to 
ISU from the Entity).  The Investigator may serve on their Program of Study 
committee.  The person serving as major professor must agree to take full 
responsibility for the progress of the graduate student in their degree program 
and protection of the student from any adverse effects of the Investigator’s 
involvement with the Entity. 
h) Because of their generally greater level of independence and experience, the 
Investigator may supervise technicians, visiting scientists and postdoctoral associates 
in his/her university lab who also work in or for the Entity. 
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Involvement of Personnel in the Entity 
i) The Personnel may not participate in any activity of or receive any compensation 
from the Entity, including research sponsored by the Entity, without approval from 
the COI Management Committee.   
j) The Investigator must direct any Personnel with a significant financial interest or 
management role in the Entity to make an annual disclosure of outside activities in 
accordance with the COI Policy, if they have not already done so.   The disclosure 
shall be reviewed by the COI Management Committee, as well as any additional 
reviewers required for a COI Management Committee for the Personnel.  The review 
may result in a COI Management Plan for the Personnel. 
 
Special Rights and Responsibilities of Graduate Students and Major Professors  
k) Graduate students who work in or for the Entity are especially vulnerable because of 
the potential for the interests of the Entity to conflict with the student’s educational 
interests.  Students in this situation and their major professors must take special 
precautions to assure the student’s relationship to the Entity does not harm the 
students’ academic progress or chances for a successful career. 
l) It is the right of every student working in or for the Entity to have as a major 
professor someone in no way affiliated with the Entity who has the authority, interest, 
and time to assure that the student’s educational interests are protected.   
m) It is the student’s responsibility to meet with their major professor to discuss their 
progress and concerns; the student should document when the meetings occur in case 
questions arise.  The students are also strongly encouraged to bring any unresolved 
concerns arising from their relationship to the Entity forward to the members of the 
Investigator’s COI Management Committee. 
n) It is the responsibility of major professors of students who work in or for the Entity to 
arrange meetings with the students to assess the progress of the students and discuss 
any concerns, especially those arising from their relationship to the Entity.  The major 
professor should document when the meetings occur.  The major professors are also 
encouraged to bring forward to the Investigator’s COI Management Committee any 
questions or unresolved concerns. 
o) The Investigator will notify the COI Management Committee immediately upon 
completion of this requirement.  The notification will include the names of the 
students and their major professors. 
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•  
 
2.  Protection of Research Subjects 
All projects involving human subjects require special protections for the subjects of the study 
and must be approved by the Institutional Review Board (IRB).  IRB approval must be obtained 
before any project involving human subjects is undertaken. For projects involving conflicts of 
interest or the potential for perception of conflicts of interest, the IRB has the authority to 
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establish restrictions in addition to those described in this document. This may include, but is not 
limited to, disclosure of the conflict in informed consent documents.   
 
Similarly, all research involving animals and/or biohazards must be approved by the Institutional 
Animal Care and Use Committee (IACUC) and the Institutional Biosafety Committee (IBC), 
respectively, prior to initiating the research.  Both the IACUC and IBC have the authority to 
establish restrictions in addition to those specified in this document.     
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•  
 
3.  Sponsored Projects Directly or Indirectly Involving the Entity 
An appropriate COI Management Plan must be in place before the university will accept any 
support for a project in which a potential financial or management conflict has been identified.  
This includes projects in which funds or in-kind support is exchanged between ISU and the 
Entity (direct involvement), as well as projects which, depending on the outcome, could be 
perceived as benefiting the Entity (indirect involvement).  An example of the latter is an NIH 
grant to test pharmaceuticals given to an investigator receiving significant consulting fees from a 
pharmaceutical manufacturer. 
 
At a minimum, the restrictions identified below will apply to all COI Management Plans, but the 
COI Management Committee may impose additional restrictions.  The minimum restrictions are:   
 
a) All of the university's activity with the Entity must be conducted under formal university 
agreements, such as sponsored research agreements.   
 
b) The Investigator, and ISU personnel reporting to the Investigator, normally may not serve as 
a PI or Co-PI of an ISU project if the Investigator or any member of his/her immediate 
family consults for, has a significant financial interest in or a management role in the Entity, 
such as on the Entity's board of directors; 
 
c) If the Investigator (or his/her family member) currently has a consulting relationship with, 
management role in or significant financial interest in the Entity and it is not feasible to 
transfer the PI or Co-PI role to another person without a conflict, a plan shall be developed 
by the COI Management Committee to manage the conflict.  Possible plans include:   
i. The Investigator’s or family member’s transition out of the consulting 
relationship, management role or financial relationship with the Entity as soon as 
possible; or,  
ii. The establishment of a Fiscal and/or Scientific Oversight Committee to monitor 
the conduct of the project. 
 
d) The Investigator will recuse him/herself from funding decisions by the Entity which involve 
his/her university activities.  
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e) The Investigator may participate on the Entity's scientific advisory board (if any), as long as 
that participation does not create other concerns, such as confusion in the ownership of 
intellectual property.  The Investigator will recuse him/herself from funding decisions by the 
scientific advisory board which involve his/her university activities.   
 
f) All intellectual property developed as part of the described project, which may be owned by 
the university or by the Entity, will be disclosed to both parties to assure ownership matters 
are addressed appropriately. 
 
g) The Investigator will recuse him/herself from university activities and/or sponsored projects 
that could reasonably be seen as being in competition with the activities or projects of the 
Entity.   
 
i. If the activities of the Entity could be seen as being in competition with the 
Investigator’s university activities, and if such activities are a required part of the 
Investigator’s position responsibilities, the Investigator may need to either resign 
his/her university position or end his/her affiliation with the Entity. 
ii. If the goals and objectives of sponsored funding received by the Investigator 
overlap with the projects of the Entity, all responsibility for the sponsored projects 
shall be transferred to independent parties not involved in the Entity and not 
reporting to the Investigator.  Such transfers will require the approval of the 
sponsor.  If the sponsor does not approve the transfer of responsibilities, the 
Investigator may need to either return the funding or end his/her affiliation with 
the Entity. 
 
h) The Investigator will refrain from using his/her university research results in his/her Entity 
activities until after the results have been disclosed publicly.    
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•  
 
4.  Intellectual Property 
In accordance with Board of Regents and ISU policy, all intellectual property generated using 
university funds, including contracts, grants and gifts, belong to the University, except as 
specified otherwise in the terms and conditions of the funding agreement.   
 
The Investigator shall disclose intellectual property generated using university funds to the 
Office of Intellectual Property and Technology Transfer (OIPTT).  The disclosures must be in a 
timely manner to permit patent protection, if such protection is deemed appropriate by OIPTT.  
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•  
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5.  Personal Commitments 
Investigator must discuss and receive permission from his/her department chair for plans to use 
regular University working hours to work for the Entity.  The department chair may grant 
permission if he/she determines that: 
1) the amount of University time used is consistent with University policy 
2) the Investigator will be able to meet all his/her University work commitments 
3) the activity will advance the skills and abilities of the Investigator, with resultant 
benefit to the department, college or university, and  
4) the activity is not otherwise detrimental to the department, college or university   
 
University holidays, vacations, nights and weekends (unless the latter are your normal working 
hours) may be used for Entity activities. 
 
Investigators supporting themselves on federal grants during the summer or other times are 
reminded that they may not use time paid for by a federal grant for activities other than those 
specified in the grant, this includes other research projects, teaching, administration, consulting, 
vacation, Entity activities, etc. 
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•  
 
6.  Publications and Presentations 
Although publications may be briefly delayed (maximum of 90 days) for the purpose of pre-
publication review and intellectual property protection, the relationship with the Entity may not 
restrict publications or presentations. 
 
The Investigator and researchers must disclose their relationship with the Entity in publications 
and presentations in their university role wherever the content of the publication or presentation 
could be perceived to benefit the Entity.  This includes publications or presentations describing 
research, product comparisons, or recommendations relevant to the activities of the Entity or the 
Entity’s competitors.   
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•  
 
7.  University Resources (Facilities, Services and Personnel) 
The Entity shall not direct the use of university resources.  Examples include: university-owned 
equipment in the Investigator's laboratory and graduate students and other personnel paid on 
grants from the Entity to the University.   
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The Entity shall not use university addresses, email addresses, phones, web sites, stationary, 
trademarks, faxes or other university property or services on behalf of the Entity or in any way 
that would imply university endorsement of the Entity or its products or services. 
 
The Investigator shall take special care to not use university computers for Entity activities or to 
store Entity data on university computers or university data on Entity computers.  The failure to 
keep Entity and university computer use separate can result in disputes over data ownership. 
 
Use of university facilities or services by the Entity must be in compliance with all relevant 
university policies pertaining to use by external parties.  Arrangements for use of university 
facilities or services must be made through the department chair and the Vice President for 
Business and Finance and in most circumstances will require a written agreement.  This includes 
use of computers, laboratory equipment and supplies that reside in the Investigator’s university 
laboratory.  Investigator should also establish a separate email address and phone number to use 
for Entity business. 
 
If the Entity wishes to sell products or services to any Iowa Regent’s institution, it must first 
apply for and obtain approval as a Conflict of Interest Vendor.  Entities interested in obtaining 
Conflict of Interest Vendor status should contact the Director of Purchasing. 
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•  
 
8.  COI Management Committee Review Procedures 
The COI Management Committee will establish a case file for each COI Management Plan and 
will monitor compliance with the COI Management Plan.  To that end, the Investigator must 
meet at least once per year (an Annual Meeting) with the COI Management Committee to review 
information related to the Investigator's relationship with the Entity, its influence on the 
Investigator's university activities, and compliance with the terms of the COI Management Plan.  
Prior to the Annual Meeting, the Investigator will submit an annual report to the COI 
Management Committee addressing these issues. 
 
Fiscal and Scientific Oversight Committees, if required by this plan, shall meet quarterly to 
assure the proper conduct of the research. 
 
Members of the COI Management Committee 
• Assoc. Dean for Research (Chair):  
• Department Chair:   
• VPR/ED Representative:   
• OIPTT Representative:   
• OSPA Representative:   
• Other: 
 
• An annual review of this management plan shall occur no later than            
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9.  Changes in Status 
The Investigator will notify the COI Management Committee of any and all changes in his/her 
relationship with the Entity (e.g., the name of the Entity changes or the Investigator becomes a 
Board Member). 
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•  
 
10.  Other 
Please use this section to address other concerns or unusual circumstances that need oversight. 
 
COI Management Committee Comments and Additional Actions: (please identify specific 
conflicts, actions taken to manage these conflicts, and additional requirements related to this 
section) 
•    
 
11.  Next Steps 
To complete the plan: 
• The Investigator(s) and all committee members should review this document and send 
corrections to Dorothy Pimlott at dpimlott@iastate.edu.    
• Dorothy will send the corrected version to the Investigator(s) for signature.   
• The Investigator(s) then send the signed copy to the Chair of the COI Management 
Committee, who will sign it and send it to Dorothy.   
• Dorothy will send electronic copies to all the meeting attendees and committee members. 
 
 
Approved by the Chair of the COI Management Committee: 
 
 
                                                     
Name  Date 
 
Agreed to by Investigator(s): 
 
By signing this COI Management Plan, I understand that failure to disclose relevant information 
and/or failure to abide by the terms of the plan could constitute academic misconduct. 
 
 
                                                         
Name Date 
 
 
                                                         
Name  Date 
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CBiRC Diversity Strategic Plan 
 
Background 
Diversity in higher education, especially in STEM disciplines, has been a challenge and an 
opportunity on campuses and for organizations for several decades. Many efforts have focused 
very narrowly on increasing diversity “statistics” for a specific program.  We feel very strongly 
that there is a need for broader efforts that do not merely create a competitive environment which 
move underrepresented students from one program to the next.  Instead there is a need for a 
systemic change that increases the number of such students that are brought into STEM 
disciplines and are then supported through their educational progression.  
One of the barriers to enhancing diversity in a consistent fashion has been an approach that often 
results in a smorgasbord of efforts that are not always strategically connected to provide a robust 
framework on which to continue to build.  An entity such as CBiRC is in a very special position 
to act as a facilitator and partnership builder on campus because of its national and international 
stature in research competitiveness, which brings in a great deal of prestige for the lead 
institution, and is not viewed as a competitor for material resources by the many programs that 
could be optimally leveraged for greater returns.  This is the philosophical basis underpinning of 
one of the CBiRC two-prong approach to diversity: to identify and partner with existing 
programs at Iowa State University, streamlining and institutionalizing best practices with 
the goal of systemic positive change towards greater diversity. 
The other focus for CBiRC diversity is to be an effective national representative for the 
community of ERCs; in fact to work at enhancing the collaborations and building awareness of 
the ERC enterprise with a view to attracting underrepresented students into research because of 
the inherent value systems within ERCs: the social context, the big picture research context, the 
multi-disciplinarity, the focus on value creation by taking the results from the laboratory to the 
user with a degree of promptness.  This approach directly debunks one of the basic STEM 
detractors for women and URMs: the perception that engineering and STEM are not human 
value centric.  By effectively reaching out to underrepresented populations about the integrative 
and interdisciplinary STEM experiences offered through the ERCs, with 20 such centers 
addressing unique and compelling challenges for humanity, and between them, spanning most 
STEM disciplines and institutions geographically distributed all over the nation, this could be the 
“perfect storm” to make a major impact on the STEM demographics towards increasing 
engagement of women and URMs. This idea, then informs our other major focus: to work as a 
partner with other ERCs to better educate potential clients about the unique and wide-
ranging educational and career opportunities available through the network of (all) ERCs, 
thus enriching the diversity of the pool of ERC researchers on a national scale. 
The Diversity Strategic Plan for CBiRC is thus is evolving along the following outlines:   
Perspective: The overarching goal of using the CBiRC platform to help create a sustainable long 
term impact on diversity in STEM both locally and nationally through strong collaboration. 
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Goals: 
Influence systemic change in enhancing diversity of STEM educational and research 
participants, especially traditionally underrepresented populations: 
1. at Iowa State University  
2. nationally 
We aspire to impact the total number of traditionally underrepresented populations who chose to 
pursue STEM disciplines. 
Strategy:  
The strategy that we are pursuing to collaboratively engage a diverse population in STEM 
disciplines starts with pre-college college efforts will follow through to undergraduates and 
graduate education and faculty academic appointments.   
The elements of ISU-specific strategy are: 
1a. Partnering with school districts with high underrepresented populations and providing 
educational enhancement opportunities that touch large numbers of students through: 
Teacher education and collaboration: RET, Middle School Science Academy, and 
Elementary teacher workshops and associate shared content development.   
STEM mentoring partnerships: Symbi GK12 that places graduate students in high school 
and middle school classrooms. 
(details on these efforts are in the pre-college education section of the annual report) 
1b. Partnering with existing pre-college programs such as Science Bound, C-BRT, Program for 
Women in Science and Engineering, to educate and interest underrepresented students in 
ERC model of research enterprise (multi-disciplinary, social context driven, short turnaround 
from laboratory to market):  
Strong SLC engagement is being used with these programs. 
 
1c. Building a mentoring continuum from Science Bound to YES to SPEED to undergraduate 
research.  
The SPEED program, which is an engineering bridge program at ISU with two tracks, 
academic and research, is a collaborative program example as it resulted from CBiRC’s 
engagement with the college-wide URM recruitment efforts.  The academic track is 
currently being institutionalized demonstrating a sustaining effort. 
 
1d. Collaborative campus-wide recruitment and support for REUs and graduate school. 
CBiRC has been leading the efforts to optimize and improve diversity recruitment for 
campus REUs by connecting students to the multiple opportunities across disciplines and 
is driving an effort for common programming and community experiences across REUs 
especially related to career development and future research opportunities. 
CBiRC is represented in the graduate diversity council and is a partner with the graduate 
college as well as the McNair program to encourage minority participation in STEM 
research 
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1e. Build campus-wide awareness about ERCs. 
CBiRC piloted a special event Discovering ERCs with senior researchers presenting 
CBiRC and ERC information to undergraduates, especially URMs, and minority liaison 
officers on ISU campus with a view to raising awareness about research opportunities 
within ERCs, both summer and year-round. 
Presentation about ERCs nationally, and CBiRC to advisors’ council on campus 
 
1f. Partner with ISU LSAMP, AGEP, EPSCoR efforts 
CBiRC is engaged with the LSAMP leadership team on campus as well as with the  
undergraduate research subcommittee. 
CBiRC is providing guidance to the emerging EPSCoR summer research internship 
 program. 
CBiRC is holding briefings about ERCs to the leaders within the graduate college, 
 especially the minority recruiter. 
 
The elements of the national recruitment and engagement efforts are: 
2a. Help develop an ERC wide partnership for spreading awareness of research opportunities 
spanning fields and geographical regions nationally through participation at SACNAS, 
AISES, NoBCChE, emphasizing the richness of opportunities across the 20 ERCs nationally, 
and their unique approach to STEM research (multi-disciplinary, social context driven, short 
turnaround from laboratory to market). Ongoing activites: 
CBiRC participated in the SACNAS and AISES national conferences as an ERC 
community member (ERC exhibitor booth). 
Exploring the potential for a stronger intellectual presence (ERC panel/workshop) at 
future national conferences so as to clearly emphasize the potential opportunities. 
Promoting the idea of Discovering ERCs events on all ERC lead campuses at E&O 
retreat. 
 
2b. Seeking and seizing opportunities for partnerships with minority-serving institutions. 
Based on participation at the Emerging Researchers National Conference, activities are 
underway for greater collaboration between Tuskegee and ISU, with a CBiRC research 
leader very engaged in the process. 
 
2c. Serving on URM-focused national projects/processes. 
CBiRC Diversity Director serves as a special advisor to the diversity committee 
(Committee on Opportunities in Science) of the American Association for the 
Advancement of Science, reviewing Education Departments Hispanic Serving 
Institutions grant proposals, judging at Emerging Researchers National Conference. 
 
Measures: 
1. Pre-college students touched by CBiRC program enrolling in college STEM disciplines 
2. Increased diversity of the REU participant groups across the ISU campus 
3. Richer student/participant experiences as determined through assessment instruments 
4. Increased collaboration activities with ISU and the ERC network 
5. Stronger ongoing ERC presence at national conferences 
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